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Abstract

Pancreatoblastoma (PBL) is a rare malignant epithelial neoplasm that affects typically

youngchildren. Signs related toadvancedupper-abdominal tumoraccompaniedbyele-

vated serum α-fetoprotein levels in a young child suggest PBL, however histopatho-

logical confirmation is mandatory. The mainstay of the treatment is a complete surgi-

cal resection. Unresectable and/or metastatic PBLmay become amenable to complete

Abbreviations: AFP, α-fetoprotein; CT, computed tomography; EFS, event-free survival; EXPeRT, European Cooperative Study Group for Pediatric Rare Tumors; FAP, familial adenomatous

polyposis; FDG-PET, 18F-fluorodeoxyglucose-positron emission tomography; ICE, ifosfamide, carboplatin, and etoposide; IGF-2, insulin-like growth factor 2;MIS, minimally invasive surgery;MRI,
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delayed surgery after neoadjuvant chemotherapy. This manuscript presents the inter-

national consensus recommendations for the diagnosis and treatment of childrenwith

PBL, established by the European Cooperative Study Group for Pediatric Rare Tumors

(EXPeRT) within the EU-funded PARTNER (Paediatric Rare Tumors Network – Euro-

pean Registry) project.
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1 INTRODUCTION

Pancreatoblastoma (PBL) is a rare malignant pancreatic neoplasm,

originating from the epithelial exocrine cells of the pancreas. It

affects mainly children under 10 years of age, with a mean age

at diagnosis of 5 years.1 It is the most common malignant pan-

creatic tumor in childhood, constituting approximately 25% of all

tumors of pancreas in young children and 0.5% of all pancreatic

exocrine neoplasms.2 PBL has a bimodal distribution with two thirds

of cases occurring in children and one third in adults.2–5 A joint anal-

ysis of the European Cooperative Study Group for Pediatric Rare

Tumors (EXPeRT) group collected only 20 children with PBL treated

between 2000 and 2009 in Italy, France, Germany, Great Britain, and

Poland.6

The etiology of PBL is unknown. The association with heredi-

tary syndromes such as Beckwith–Wiedemann or familial adenoma-

tous polyposis (FAP) has been reported. The prevalence of Beckwith–

Wiedemann syndrome is particularly high (50%) in children with con-

genital and infantile PBL, compared to 4.5% in all PBL patients.7 Spo-

radic and FAP-associated PBL have frequent alterations in the adeno-

matouspolyposis coli (APC)/beta-catenin (CTNNB1) pathwayandallelic

loss in chromosome 11p.8 The latter finding together with the over-

expression of insulin-like growth factor 2 (IGF2) and frequent expres-

sion and secretion of α-fetoprotein (AFP) represent the similarities

between PBL and hepatoblastoma.5,8

PBL can arise from any part of the pancreas, most commonly within

the head or tail. It is an aggressive tumor, which is usually diagnosed

at advanced stages. Approximately, one third of cases in all age groups

initially presentwith locoregional anddistantmetastases,mainly to the

liver, abdominal lymph nodes, and lungs.9

Children often present with upper abdominal pain, vomiting, feed-

ing disorders, and weight loss.2,10 Symptoms resulting from obstruc-

tion of the biliary tract or pancreatic duct are less frequent than in

adults who mainly present with tumors in the pancreatic head. In a

small proportion of patients, a firm palpable mass and/or fullness are

present in the upper abdomen. Diagnostic difficulties and/or delays

may result from nonspecific clinical symptoms and the extreme rar-

ity of this disease.6,11–14 However, elevated levels of AFP in serum

of a young child with large pancreatic mass should highly suggest

PBL.15

Histology is essential for the diagnosis of PBL. Histological speci-

mens typically reveal multiple lines of differentiation (acinar, ductal,

mesenchymal, neuroendocrine), with acinar differentiation predomi-

nating. The presence of squamoid nests is specific for PBL and indicates

a growth pattern, not a line of differentiation.16 PBL in young children

should be differentiated from a variety of benign pancreatic lesions,

other primary malignant tumors and/or secondary neoplastic infiltra-

tion. The differential diagnosis is based on age, clinical presentation,

radiologic findings, serum level of AFP, and finally the pathologic fea-

tures of the tumor sample.5,17

Mainstay of the treatment is a complete resection, either pri-

mary or following neoadjuvant chemotherapy. PBL is considered sen-

sitive to chemotherapy. The response rate to conventional chemother-

apy regimens in the EXPeRT series of 20 pediatric PBL cases was

73%.6 However, standardized treatment guidelines have yet to be

determined.

The prognosis for pediatric PBL cases is usually favorable if

the tumor is completely resected, either on primary or delayed

surgery.1,2,5,6,11,12,14 In the EXPeRT series, 5-year event-free sur-

vival (EFS) and overall survival (OS) were 58.8% (±12.5%) and 79.4%

(±9.2%), respectively.6 Congenital and infantile PBL are associated

with particularly good prognosis.5,7 The recurrence rate after com-

plete tumor resection in patients with PBL is lower than reported pre-

viously (14.7% vs. 60.0%).5 However, close and long-term follow-up is

necessary, especially in genetically susceptible patients with the pan-

creas remaining after surgery. In case of unresectable tumor or in the

presence of metastases, PBL may have an aggressive course and the

prognosis is usually poor.12,14 As mentioned, the outcomes improve in

patients in whom the tumors respond well to neoadjuvant chemother-

apy and become feasible to complete delayed surgery.6 Adult cases are

reported to have an aggressive behavior and poorer prognosis with a

medianOS of approximately 15months.18–24

The aim of this article is to establish internationally recognized rec-

ommendations for the diagnosis and treatment of children with PBL

according to the Consensus Conference Standard Operating Proce-

dure methodology with definition of levels of evidence (Levels I to

V) and grades of recommendation (Grades A to E)25 (Table 1). The

methodology of the process – development under the auspices of the

European Reference Network for Paediatric Cancer (ERN PaedCan) is

described in the paper byOrbach et al. in this issue.26
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TABLE 1 Consensus Conference StandardOperating Proceduremethodology with definition of levels of evidence and grades of
recommendation

Levels of evidence

I Evidence from at least one large randomized, controlled trial of goodmethodological quality (low potential for bias) or

meta-analyses of well-conducted randomized trials without heterogeneity

II Small randomized trials or large randomized trials with a suspicion of bias (lowermethodological quality) or meta-analyses of such

trials or of trials with demonstrated heterogeneity

III Prospective cohort studies

IV Retrospective cohort studies or case–control studies

V Studies without control group, case reports, expert opinions

Grades of recommendation

A Strong evidence for efficacy with a substantial clinical benefit, strongly recommended

B Strong ormoderate evidence for efficacy but with a limited clinical benefit, generally recommended

C Insufficient evidence for efficacy or benefit does not outweigh the risk or the disadvantages (adverse events, costs, . . . ), optional

D Moderate evidence against efficacy or for adverse outcome, generally not recommended

E Strong evidence against efficacy or for adverse outcome, never recommended

2 EXPeRT/PARTNER RECOMMENDATIONS FOR
MANAGEMENT OF PBL IN CHILDREN

2.1 Initial tumor assessment

PBL should be suspected when a child presents with a large mass

located in the pancreas, particularly when serum AFP levels are ele-

vated (Level IV; Grade B). Differential diagnosis should exclude other

primary malignant pancreatic tumors (endocrine tumors, acinar cell

carcinomas, sarcomas) and benign lesions (hemangiomas, cysts, pseu-

docysts, and abscesses). Furthermore, the infiltration of the pancreas

by leukemia or lymphoma must also be considered. Early childhood

malignancies, such as neuroblastoma, nephroblastoma, and hepato-

blastoma, should be included in the differential diagnosis, especially

for tumors displacing, distorting, and/or disrupting normal pancre-

atic architecture on radiographic evaluation.27 In older children, PBL

should be differentiated from other pancreatic tumors, such as solid

pseudopapillary tumor that occurs mainly in female adolescents, pan-

creatic malignant neuroendocrine neoplasms, and, in adults, acinar cell

carcinoma or adenocarcinoma. Analysis of the imaging studies, detec-

tion of elevated AFP in serum, and characteristic histological findings

of acinar differentiation and squamoid corpuscles in histopathologic

examination help to diagnose PBL accurately.

2.1.1 Radiological investigations

An appropriate cross-sectional imaging performed at diagnosis is

essential to assess PBL stage.5,17,28 Locoregional evaluation should

include abdominal ultrasound (US), computed tomography (CT), and

magnetic resonance imaging (MRI) (Level IV; Grade A). On US, PBL

presents as a large, solitary, well-defined, multilobulated lesion of

mixed echogenicity locatedwithin the pancreas,mainly in the head and

tail (Level IV; Grade B). Necrosis, hemorrhage, dilatation of the pan-

creatic and/or bile ducts (intra- and/or extrahepatic), local and vascu-

lar infiltration, lymphadenopathy, liver metastases, or other adjacent

organs invasion can be identified.29 Since exact anatomical margins of

pancreatic tumor, especially in relation to adjacent organs, may be dif-

ficult to assess on US, when PBL is suspected, CT or MRI is manda-

tory for precise staging (Level V; Grade B). Abdominal CT with multi-

phase intravenous and enteral contrast shows heterogenous enhance-

ment, particularly visible in the septae of the tumor, and simultane-

ous solid and cystic areas within the tumor. On parenteral contrast-

enhanced abdominal MRI, the necrotic and hemorrhagic components

are visualized in T2 sequences. Macroscopically, PBL usually presents

as a large (frequently more than 10 cm in diameter), partially encap-

sulated, and often lobulated mass.12 PBL developing in neonates and

associatedwithBeckwith–Wiedemann syndrome is often cystic.39 PBL

is frequently found compressing the nearby organs without invading

them; hence cross-sectional imaging is of utmost importance to define

visceral and vascular involvement and relationship, especially for pre-

operative planning. Dilatation of the choledochal duct is rare. Preop-

erative endoscopic retrograde cholangio-pancreatography (ERCP) is

indicated if there is a dilatation of the common bile duct or pancre-

atic ducts (Level V; Grade B). Contrast-enhanced MRI cholangiopan-

creatography may obviate the need for a dedicated endoscopic proce-

dure unless tissue sampling is required and/or further definition with

an endoscopic US is mandated to better define the margins of resec-

tion preoperatively.28

Metastatic lesions are most frequently located in the liver, regional

lymph nodes, and lungs. For the visualization of metastases, abdomi-

nal US, contrast-enhanced CT, and/or MRI and chest CT are required

(Level IV; Grade A). MRI has become the cross-sectional modality of

choice for the evaluation of pediatric liver masses both primary and

metastatic. The incorporation of multiphase contrast agent-enhanced

evaluation enables the accurate visualization and characterization of

liver lesions without additional radiation exposure.30 This advantage

of MRI may assist to detect liver metastases in PBL. Bone metastases
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TABLE 2 Current classification of pancreatic cancers based on the 8th edition of the AJCCCancer StagingManual (2018)

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor limited to the pancreas, 2 cm or less in greatest dimension

T2 Tumor limited to the pancreas, more than 2 cm in greatest dimension

T3 Tumor extends beyond the pancreas but without involvement of the celiac

axis or the superior mesenteric artery

T4 Tumor involves the celiac axis or the superior mesenteric artery

(unresectable primary tumor)

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph nodemetastasis

N1 Regional lymph nodemetastasis

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

Anatomic stage/prognostic groups in pancreatic cancer

Stage 0 Tis N0M0

Stage IA T1N0M0

Stage IB T2N0M0

Stage IIA T3N0M0

Stage IIB T1N1M0

T2N1M0

T3N1M0

Stage III T4 anyNM0

Stage IV Any T anyNM1

are rare. If suspected, the technetium bone scan might be performed,

but thismay be deferred in lieu of the results that can be obtained from

a 18F-fluorodeoxyglucose (FDG)-positron emission tomography (PET)

scan (Level V; Grade C). Recently, pediatric PBL and retroperitoneal

lymph nodes metastases have been reported to show elevated uptake

of FDG in FDG-PET scans.31,32 However, the diagnostic utility of FDG-

PETscanning todifferentiatebenign frommalignantpancreatic tumors

in children and for the initial workup is yet to be established (Level V;

Grade C).

2.1.2 Tumor markers

Initial diagnostic workup should include the serum level of AFP (Level

IV; GradeA), in addition to other serum tumormarkers associatedwith

pancreatic endocrine tumors (glucose, insulin, gastrin, glucagon), neu-

roblastoma (ferritin, neuron-specific enolase [NSE]), and/or germ cell

tumors (beta subunit of human chorionic gonadotropin), which may

mimicPBL.AFP is elevated inup to70%ofpatientswithPBL regardless

of age.9 In infants, AFPmust be evaluated in comparison to age-related

reference levels.33 AFP level might also serve as a marker for monitor-

ing the response to chemotherapy, since it is generally correlated to the

tumor burden.6,34–36

2.2 Staging system

The tumor, node,metastasis (TNM) classification of the American Joint

Committee on Cancer (AJCC) is usually used to determine the stag-

ing of pancreatic tumors in adults (Table 2).37 Since a staging system

tailored specifically to PBL does not exist, a clinical-pathologic staging

system based on the results of initial surgery is proposed by EXPeRT

members to allow comparisons (Table 3).

2.3 Histological diagnosis

Histology is mandatory to establish a diagnosis of PBL and distin-

guish it from other malignant or benign conditions involving pan-

creas (Level IV; Grade A). A revision of the histological slides by a
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TABLE 3 Staging system for pancreatoblastoma (PBL) based on the results of initial surgery proposed by EXPeRT

Stage I Completely excised localized tumors with negativemicroscopic margins (R0) and no evidence of LN on pathological evaluation

(N0)

Stage II Grossly resected tumors with suspectedmicroscopic residual disease (R1); or completely resected (R0) but pathologically

involved lymph nodes totally resected (N1)

Stage III Gross residual disease after initial incomplete resection or biopsy (R2) regardless of LN involvement

Stage IV Presence of distant metastases (M0) regardless of resection status (R0–R2) or lymph node involvement (N0–N1)

pathologist with proven experience in pediatric tumors and espe-

cially tumors of pancreas is highly recommended (Level IV; Grade

B). Diagnostic biopsies can be obtained by different approaches

(percutaneous image-guided tru-cut biopsy, endoscopic esophago-

gastro-duodenoscopy (EGD)/endoscopic ultrasound (EUS) – core nee-

dle biopsy, and laparoscopic or open surgical biopsy). The aim is to

ensure an adequate specimen for correct diagnosis, with the min-

imal invasiveness for the patient. For these purposes, the biopsy

of a metastatic site, instead of the primary, is acceptable (Level

IV; Grade B).38 Also, an open question remains regarding the risk

of tumor spillage in the case of initial transperitoneal biopsy of

PBL. Therefore, it might be reasonable to consider posterior instead

of transperitoneal biopsy access. A biopsy should provide enough

tissue for histological and biological genetic tests. It is strongly

recommended to store a frozen tumor sample and a blood sam-

ple on ethylenediaminetetraacetic acid (EDTA) in a tumor bank for

possible subsequent biological studies, including genetics (Level V;

Grade B).

Histological evaluation demonstrates lobules and nests of acinar

and gland-like cell formations, together with squamoid cell nests.40

Low-power appearance resembles lymphoid follicles. There are often

small pseudocysts or areas of hemorrhage and necrosis, typically with

calcifications. Pediatric cases often have hypercellular stroma, occa-

sionallywith bone and/or cartilage elements.16 Immunohistochemistry

is usually strongly positive for cytokeratin AE1/AE3, and often posi-

tive for carcinoembryonic antigen (CEA). Acinar regions show positive

immunostaining for trypsin and chymotrypsin, while solid regions for

AFP. Squamoid morules are positive for epithelial membrane antigen

(EMA) and show aberrant reaction (nuclear or cytoplasmic) with beta-

catenin. Staining toward neuroendocrine markers is negative in most

cases and only occasionally, neuroendocrine component immunoreac-

tivity for S-100, chromogranin, synaptophysin, and NSE is observed.41

The proliferative activity is between<1 and 42mitoses per high power

field (HPF). Nuclear polymorphism is low, and tumor cell invasion in

perineural spaces and vessels is rare. In most cases, expression and

secretion of AFP can be observed.9,34,42,43

2.4 PBL treatment

Patients should be treated in qualified centers, and multidisciplinary

team discussions are mandatory at diagnosis, during therapy, and for

ongoing surveillance (Level IV; Grade A). An enrollment in a prospec-

tive trial if available and data collection in national or international

databases should be proposed (Level IV; Grade B).

2.4.1 Surgery

Surgery is the cornerstone of treatment. The goal is to obtain a micro-

scopically complete resection (negative margins, R0), which signifi-

cantly improves the prognosis.44 Achieving safe tumor-free margins is

crucial, as relapses are likely to occur after incomplete surgery (posi-

tive microscopic [R1] or macroscopic [R2] margins), despite adjuvant

chemotherapy17 (Level IV; Grade A). In the EXPeRT series, the 5-year

EFS in patients with complete (R0) primary or delayed resection was

75.0% in comparison to 28.6% in thosewhonever underwent complete

tumor resection.6

The feasibility of complete resection of PBL depends on the tumor

location, size, and local extension. Though challenging, pancreatic sur-

gical techniques arewell establishedwith acceptablemorbidity in care-

fully selected cohorts. As the tumor is often located in the ventral part

of the pancreatic head and well encapsulated without connection to

the ductal system, a complete local resection is often feasible by per-

forming a pancreaticoduodenectomy.12 In tumors located in body and

tail of the pancreas, a distal pancreatectomy with or without splenec-

tomy is usually performed (Level IV; Grade B). As vascularization of the

upper portion of spleen comes from the short gastric vessels, this por-

tion can often be spared, even in the case of infiltration or encasing of

themain splenic vessels, avoiding unnecessary and potentially harmful

dissection on these structures, which may lead to an increased risk of

R1 resection and recurrence. Spleenpreservation is particularly impor-

tant in young children (Level V; Grade B). However, if anyhow possible

and prior to attempted distal pancreatectomy, the child should be vac-

cinated against encapsulated bacteria as recommended by Lee.45

Pancreatic insufficiency and relapses seem more frequently

described after a pylorus-sparing pancreatoduodenectomy (Traverso-

Longmire) than with a classic Whipple surgery (14.3% vs. 5.7%).9 The

latter has been reported to be highly effective and not associated with

higher incidence of major complications, when performed in experi-

enced centers46 (Level IV; Grade B). However, the decision regarding

which operation to performmust be left to the treating surgeons after

a careful review of the radiological and intraoperative findings. A word

of cautionmust be rendered at this point onminimally invasive surgical

(MIS) approaches to the pancreas as robust and vetted data on the

use of MIS (either traditional laparoscopy or robotic-assisted surgery)
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are lacking. Therefore, MIS approaches cannot be uniformly recom-

mended for all patients in all centers, and they should be reserved for

highly selected patients (older age, tumors of the tail) and in expert

centers well versed in MIS techniques in the field of oncology (Level V;

Grade D).

If a microscopically complete resection (R0) does not seem feasible

at diagnosis, patients should be elected for a neoadjuvant chemother-

apy. A microscopically incomplete (R1) surgery, or primary debulking

and leaving behind gross tumor (R2) is not recommended at diagnosis.

Neoadjuvant chemotherapy should be used in unresectable cases of

PBL to achieve downstaging of tumors, allowing for complete delayed

surgery4,6,34,47 (Level IV; Grade B). A microscopically incomplete (R1)

surgery is an acceptable option only after neoadjuvant treatment,

especially in case of close vascular margins. Notably, the preopera-

tive imaging will often allow for detailed assessment of adjacent vis-

ceral or vascular involvement. In such cases, the child might be best

served if referred to a highly specialized center where more advanced

and extensive surgeries (including vascular reconstruction, partial gas-

trectomy, adrenalectomy, or total splenectomy) can be undertaken to

achieve a complete resection (R0) to allow for the best chance of cure.

TheEXPeRT series confirmed thatmost patientswhowere in first com-

plete remission at the time of the analysis had undergone complete

resection, either primary or delayed.6

In metastatic PBL, an aggressive surgical approach to resect or

treat metastatic foci (i.e., liver or lung metastases) is recommended, if

feasible after four to six courses of neoadjuvant chemotherapy with

resulting local and metastatic tumor control34,48,49 (Level V; Grade C).

Delayed surgery techniques arenot different from thoseperformed for

immediate primary resection.

The prognosis is worse in patients with involved lymph nodes (N1)

present at diagnosis or remaining after tumor resection.12 The best

approach for enlarged lymphnodeswith orwithoutPET-CTavidity and

with or without response to chemotherapy is still a matter of debate

andmust be discussed individually with amultidisciplinary team (Level

V;GradeC).However, although there are no sufficient data on the need

and the extent of lymphadenectomy in PBL (Level V; Grade C), any

lymphnode found tobe suspicious at thepreoperative imagingor intra-

operatively should be removed at the time of upfront resection for his-

tologic analysis. Enlarged lymph nodes not responding to chemother-

apy or showing persistent PET-CT positivity should also be resected

at the time of delayed surgery (Level V; Grade C). In the case of lymph

node regression after chemotherapy, a sampling of the peripancreatic

nodes is proposed (Level V; Grade C). In this setting, an intraopera-

tive frozen-section histopathological analysis can be performed, and if

occult disease is found, a formal lymphadenectomy could be proposed

(Level V; Grade C).

2.4.2 Chemotherapy

PBL is considered a chemo-sensitive tumor; however, a standard reg-

imen is yet to be defined1,3,4,6,49,50 (Level IV; Grade C). In general,

neoadjuvant chemotherapy is used in cases of locally advanced, nodal

extension, unresectable, metastatic or recurrent tumors. Since PBL

generally affects very young children, specific attention to organ tox-

icities (particularly compromising the function of heart, kidneys, and

hearing) is mandatory, and doses of chemotherapy must be adapted

accordingly (Level IV; Grade B). The role of adjuvant chemotherapy is

unclear in caseof initial surgeryofPBL (Level IV;GradeC). Itwasmostly

used either after microscopically incomplete (R1) or complete resec-

tions (R0) to decrease the risk of tumor relapse and dissemination. The

appropriate number of cycles remains to be defined. The total amount

of chemotherapy may depend on the number of cycles of neoadjuvant

chemotherapy, its efficacy, and maximum cumulative dose of cytotoxic

drugs in very young children.

The general scheme and details of chemotherapy of PBL are

depicted in SupportingMaterial S1 and Figure 1.

1. The first-line chemotherapy in children with PBL could be

PLADO (cisplatin and doxorubicin) regimen, classically used for

hepatoblastoma51–53 (Level IV; Grade B). The efficacy has been

confirmed in the EXPeRT series, where 73% of patients with ini-

tially unresectable PBL had a tumor response to primary PLADO

chemotherapy.6

2. A maximum of six cycles of PLADO is generally recommended

(Level IV; Grade B).

3. In patients after initial complete tumor resection (R0), two courses

of adjuvant PLADO are recommended; however, in selected cases

of very small tumors no adjuvant chemotherapy after R0 resection

is an acceptable option (Level IV; Grade C).

4. In patients with initial microscopically incomplete resection (R1),

including cases with involved but resected lymph nodes (R1, N1),

four courses of adjuvant PLADO are recommended (Level IV;

Grade C).

5. In patients with initially unresectable tumors, involved lymph

nodes or metastatic disease, a maximum of six courses of PLADO

chemotherapy are recommended to achievePBLdownstaging and

enable complete delayed surgery (Level IV; Grade B).

6. The tumor response should be assessed after each two courses of

chemotherapy to consider tumor resectability (Level V; Grade A).

7. Response to neoadjuvant chemotherapy should be evaluated by

MRI or CT according to eitherWorld Health Organization (WHO)

criteria using bidimensional measurements or RECIST (Response

Evaluation Criteria in Solid Tumours) 1.1 using unidimensional

measurements54 (Level IV; Grade C). Due to high resolution and

lack of radiation exposure, MRI is particularly recommended in

childrenwith PBL.

8. As thedecline or normalizationof initially elevated serumAFP lev-

els may reflect chemotherapy efficacy, AFP should be monitored

closely and the decline compared to its physiological half-life of

6 days6,15,51 (Level V; Grade B).

9. Complete delayed resection is crucial for initially inoperable

PBL:

a. In case of complete delayed tumor resection (R0) performed

after six courses of neoadjuvant PLADO, no adjuvant therapy

is recommended.
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F IGURE 1 Proposal strategy from EXPeRT for the treatment of pediatric pancreatoblastoma. Abbreviations: ICE, ifosfamide carboplatin and
etoposide; N1, involved lymph nodes; PLADO, platinum+ doxorubicin chemotherapy; R0, complete excision; R1, microscopic residues; R2,
macroscopic residues

b. In case of microscopically incomplete delayed surgery (R1)

despite neoadjuvant chemotherapy, two postoperative

courses of chemotherapy with ICE (ifosfamide, carboplatin,

and etoposide) regimen should be administered (Figure 1)

(Level IV; Grade B).

c. In case of macroscopically incomplete delayed surgery or

still inoperable PBL, the chemotherapy regimen should be

switched to ICE or, when impossible or contraindicated, to

another chemotherapy regimen (see 10. and 11.)

10. If there is no response to neoadjuvant PLADO regimen or if

complete tumor resection remains impossible after four to six

courses (tumor still inoperable or after R2 delayed surgery), the

switch to the second-line treatment with ICE regimen is pro-

posed (Level IV; Grade C). Another acceptable option is VAC (vin-

cristine, dactinomycin, and cyclophosphamide) regimen (Level V;

Grade C).

11. The use of other chemotherapy regimens, including gemcitabine,

5-fluorouracil, vinblastine, and irinotecan55,56 may be an option

and should be discussed within multidisciplinary team of experts

in very rare tumors (VRT) in children.

12. The role of high-dose chemotherapy with autologous peripheral

blood stem cell rescue has not been established due to a small

numberof patients treatedwith thismodality, however, itmaybea

therapeutic strategy in selected patientswith high-riskmetastatic

PBL (Level V; Grade C).57–61

2.4.3 Radiotherapy

The role of radiotherapy (RT) in children with PBL remains unclear.

Someauthors proposed to deliver RT aftermacroscopically incomplete

delayed surgery (R2) or after relapse,4,17,49,62 in case of positive mar-

gins (R1), nodal involvement (N1), and/or tumor spillage during surgery

(Level V;GradeC). However, childrenwith PBL are often very young, so

the potential side effects of RT must be considered before administra-

tion (Level V; Grade C).

2.4.4 Therapy of PBL relapse

The long-term survival is still possible for children with relapsed PBL,

particularly in thosewith recurrences feasible to upfront complete sur-

gical resection or to delayed excision of the tumor and/or metastases

performed after chemotherapy.12

InPBL recurrence confined to thepancreasor regional lymphnodes,

an aggressive surgical approach might be recommended as an upfront

procedure, if feasible (Level V; Grade C). The location of relapse plays a

critical role. Particular care must be undertaken in the case of relapse

developing in proximal pancreas in the setting of a patient with a prior

pancreaticoduodenectomy as opposed to a child where the relapse is

in the tail or body of pancreas following prior distal pancreatectomy.

In these cases, surgery alone is likely to be the only treatment and/or

curativemodality.
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In the setting of both local and distant relapses of PBL, the role of

surgery becomes less clear except in situation of obstruction, perfo-

ration, or hemorrhage. Otherwise, chemotherapy regimen should be

initiated to enable delayed resection.6 Cumulative dosage of the first-

line chemotherapy should be considered to define the optimal and

less toxic regimen for the treatment of relapse. If feasible, patients

may be treated with PLADO regimen. Cardiac, renal, and audiome-

try evaluations are mandatory in children that had previously been

treated with PLADO chemotherapy (Level V; Grade B). In children

with PBL relapse who received six cycles of PLADO chemotherapy in

the first-line treatment, ICE, VAC, or other regimens with or without

anthracyclines might be therapeutic options.63 The role of high-dose

chemotherapy with autologous peripheral blood stem cell rescue, RT

and liver transplantation has not been established due to small number

of patients treated with these modalities; however, these may be ther-

apeutic strategies in selected cases (Level V; Grade C).61,64

2.5 Follow-up

Long-term follow-up is highly recommended due to the risk of recur-

rence. There are no established protocols for follow-up after treat-

ment for PBL. It should comprise detailed medical history, physical

examination, and imaging studies (abdominal US and MRI or CT) in

stages 2 and 3 according to the classification proposed by the EXPeRT

group (Table 3), repeated every 3 months in the first and second year

after therapy, every 4 months in the third year, every 6 months in the

fourth year, and every 12 months thereafter (Level IV; Grade C). Regu-

larmonitoring of serumAFP levelsmay help to detect early recurrence

of PBL, particularly in patients with initially elevated levels (Level IV;

Grade B). Systematic evaluation of endocrine and exocrine pancreatic

functions as well as hearing, cardiac, and renal functions after PLADO

chemotherapy, is mandatory (Level IV; Grade B).

2.6 Screening and prevention recommendations

Genetic counseling should be proposed to all patients with PBL and

their families (Level V; Grade B).

Children with genetic syndromes, which predispose to early-onset

cancers including PBL, should be screened regularly from early child-

hood for the development of other embryonal tumors (Beckwith–

Wiedemann syndrome) or gastrointestinal tumors (FAP) (Level V;

Grade B).

Molecular testing is essential to plan and guide patient care, as

tumor risk is stratified among the molecular subtypes of these genetic

syndromes.

3 CONCLUSION

PBL is a VRT that occurs generally in very young children. Treatment

and prognosis rely on the feasibility to perform complete surgery and

on the response to chemotherapy. Prognosis in children with com-

pletely resected PBL is generally good. Some open questions remain

including the risk of tumor spillage in the case of initial transperi-

toneal biopsy, the role of adjuvant chemotherapy, the optimal number

of chemotherapy courses, and the role of RT. International collabora-

tive studies with standardized treatment and prospective enrollment

in national or international databases are mandatory to improve the

knowledge and the prognosis of childrenwith PBL.
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