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Abstract

Solid pseudopapillary neoplasms (SPNs) are the most common entity among pediatric pancreatic tumors. Still, these are
rare tumors with an annual incidence of 0.1-0.2/1,000,000, and little is known about their optimal treatment. This analysis
aimed to increase knowledge about the occurrence and treatment strategies of SPN in childhood. Data regarding diagnostics,
treatment, and outcome of children aged 0—18 years with SPN recorded in the German Registry for Rare Pediatric Tumors
(STEP) were analyzed. Thirty-eight patients were identified with a median age of 14.5 years at diagnosis (range: 8—18) and
a female preponderance (81.6%). The most frequent location of the tumor was the pancreatic tail. In histopathological and
immunohistochemical examination, pseudopapillary, solid, and cystic lesions as well as expression of beta-catenin, proges-
terone receptors, and cyclin D1 were the most common findings. All patients underwent surgical resection. Most patients
underwent open resection, predominantly tail resection for tumors in the tail region and pylorus-preserving pancreaticoduo-
denectomy for tumors in the head region. The main postoperative sequela was exogenous pancreatic insufficiency (23.7%),
especially with SPN in the pancreatic head. No recurrence occurred during follow-up, although two patients underwent
resection with microscopic residue.

Conclusion: SPN of the pancreas in childhood are low-grade malignancies with usually favorable treatment outcomes.
However, therapy can lead to relevant long-term sequelae. To prevent recurrence, complete surgical resection is recom-
mended, sparing as much healthy pancreatic tissue as possible. Interdisciplinary collaboration between specialists is essential
to optimize treatment. Molecular genetic analysis of these tumors could improve understanding of their genesis.

What is Known:

o Solid pseudopapillary neoplasms (SPNs) of the pancreas are very rare tumors in childhood.

e Little is known about tumorigenesis, and there are no specific guidelines for treatment and follow-up in pediatric patients.

What is New:

o Characteristics, treatment, and outcome were comprehensively assessed in a large cohort of pediatric patients with SPN.

e We propose recommendations for diagnosis, treatment, and follow-up of children with SPN, based on our analysis and considering published
experience.
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R, Resection without microscopic residue

R, Resection with microscopic residue

SPN Solid pseudopapillary neoplasm of the pancreas
STEP German Registry for Rare Pediatric Tumors
UICC Union for International Cancer Control
Introduction

Solid pseudopapillary neoplasm (SPN) of the pancreas is a
low-grade malignant tumor with an annual incidence rate
of 0.2/1,000,000 in childhood, which classifies them as
very rare tumors [1-3]. In absolute numbers, most SPNs
are diagnosed in adult patients, with a mean age at diagno-
sis of 30 years and a clear preponderance of women. They
account for 2-3% of all pancreatic neoplasms in adulthood
[4]. In contrast, despite their rare occurrence, SPNs are the
most common pancreatic tumor in childhood (61%), ahead
of pancreatoblastoma (PB), pancreatic neuroendocrine
tumors, and carcinomas [5]. In general, SPNs have a good
prognosis. However, significant morbidity may develop
postoperatively, and a low but existing tumor-related
mortality of 1-2% has been reported [5]. Therefore, the
establishment of standardized treatment concepts is urgently
required in order to lower the therapeutic burden and the risk
of sequelae. In order to improve existing approaches in the
diagnosis and therapy of SPN, we analyzed pediatric patients
with SPN enrolled in the German Registry for Rare Pediatric
Tumors (STEP) with special emphasis on diagnostics, treat-
ment, complications, and outcome.

Materials and methods

This retrospective analysis was based on all patients with
a diagnosis of SPN enrolled in the database of the STEP
registry between 2008 and 2022. The STEP registry is
a prospective hospital-based clinical registry of the Ger-
man Society for Pediatric Oncology and Hematology
(GPOH), specifically designed for children and adoles-
cents with very rare tumors. Included are children and
adolescents < 18 years of age who met diagnostic criteria
as per the local pathologist’s diagnosis. Pseudonymized
data for patient-, tumor-, and treatment-related charac-
teristics were collected. Frequencies refer to cases with
recorded data. The staging of SPN is analogous to that of
exocrine pancreatic carcinoma and was based on the TNM
classification of the Union for International Cancer Con-
trol (UICC) [6]. All patients and/or their legal guardians
gave informed consent for data collection and analysis at
the time of diagnosis. The STEP registry was approved by
the institutional review boards of the University of Erlan-
gen (Re. No. 4340), the University of Tuebingen (Re. No.

@ Springer

847/2019B02), and the ethics committees of the partici-
pating hospitals.

Results

Thirty-eight pediatric patients with SPN were included in the
STEP registry, diagnosed between 2008 and 2022 (Table 1).
Thirty-one of them were female (81.6%), and seven were
male (18.4%). The median age at diagnosis was 14.5 years.
Further summarized characteristics of these patients are
shown in Table 1. Detailed information on the individual
patients is presented in Table 2.

Most frequently, patients presented with abdominal pain
(n=20), nausea (n=28), vomiting (n=06), and palpable
mass (n=7). In addition to these more frequent complaints,
other symptoms occurred in individual cases (e.g., diarrhea,
flank pain, bloating, n =2 each). The duration of presenting
symptoms prior to diagnosis was mostly 1-2 months (range:
2 days—9 months). In eight patients, the diagnosis of SPN
was an incidental finding. This included incidental findings
after trauma (e.g., blunt abdominal trauma in sport; n=>5) as
well as routine examinations due to other reasons. Obesity
(n=6) and overweight (n=2) were frequent concomitant
diagnoses. None of the patients presented with jaundice.

The suspected diagnosis was initially made by sonog-
raphy (n=30) of an unclear mass (n=26), which was then
further investigated by magnetic resonance imaging (MRI;
n=26). Other suspected diagnoses included tumors of the
left kidney (n=3) or neuroblastoma (n=1). The definitive
diagnosis was made by a pathological examination of the
resected tumor (n=25) or by endosonography-guided biopsy
(n=3) or, in individual cases, by sonography-guided punch
biopsy, MRI- or computed tomography (CT)-guided biop-
sies, and endoscopic biopsy (n=1 each; six patients without

Table 1 Patient characteristics aged 0—18 years registered in the Ger-
man Registry for Rare Pediatric Tumors (STEP) with diagnosis of
solid pseudopapillary neoplasms (SPNs) of the pancreas

Characteristics Count (frequency)/median

(interquartile range, IQR)

Total count 38 (100%)
Sex
Male 7 (18.4%)
Female 31 (81.6%)
Localization of the tumor
Head 14 (36.8%)
Corpus 3(7.9%)
Tail 19 (50%)
Unspecified 2(5.3%)

Median age at diagnosis (years) 14.5 (IQR 13-15.3)

Median size of the tumor (cm) 8 (IQR 5.3-9.65)
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clear indication whether the diagnosis was based on tissue
from biopsy or resection). Additional pathologic examina-
tion by a reference pathologist was performed in 24 cases
confirming the diagnosis. Alpha-fetoprotein (AFP) was not
elevated in any patient at the time of diagnosis.

All patients underwent surgical resection of the SPN. An
open surgical approach was chosen most frequently (n=33),
only three patients were treated by laparoscopy. In two other
patients, the tumor was resected in a robotic-assisted surgery
using the DaVinci® surgical system.

When the tumor was localized in the tail of the pancreas
(n=19), resection of the tail was the method of choice
(n=15), followed by extirpation (n=2), and enucleation
(n=1) of the tumor and combined resection of tail and cor-
pus in one patient. The spleen was removed simultaneously
in seven patients. Lymph node dissection was performed in
two patients without evidence of lymph node metastases.
The tumor in one patient showed extension beyond the pan-
creas with infiltration of the peripancreatic tissue including

the greater omentum. Therefore, these anatomical struc-
tures were resected additionally. Except for one patient, all
patients achieved resection with free margins (R,; n=18).
In one patient, residual cancer cells were identified micro-
scopically at the margin (R;), but the patient remained in
remission during a follow-up of 24 months.

For tumors localized to the head of the pancreas (n=14),
pylorus-preserving pancreaticoduodenectomy (PPPD) pre-
vailed as the surgical technique (n=6), followed by duode-
num-preserving pancreatic head resection (n =3) and the
Whipple procedure (pancreaticoduodenectomy with removal
of the gallbladder and occasionally part of the stomach;
n=3). In one patient each, the tumor was enucleated and a
part of the pancreatic head was resected. In 4 patients, chol-
ecystectomy was additionally performed. Twelve patients
achieved R, one patient had a R, resection. However, no
recurrence occurred in this patient during a follow-up of
3 years. In one patient, information regarding the R-status
was missing.

Table 3 Microscopical and
immunohistochemical findings

Parameter

Count (frequency)

in patients aged 0—18 years
registered in the German
Registry for Rare Pediatric
Tumors (STEP) with diagnosis
of solid pseudopapillary
neoplasms (SPNs) of the
pancreas

Microscopical findings
Pseudopapillary
Solid
Cystic
Hemorrhages
Tumor capsule
Fibrotic
Hyaluronic
Necrotic
Rosettes
Immunohistochemistry
Beta-catenin
Progesterone-receptor
Cyclin D1
Vimentin
CD10
Synaptophysin
CD56
Alpha-1-antitrypsin
Pan-cytokeratin
Neuron specific enolase
Molecular findings
Patient 6
Patient 8
Patient 14
Patient 15
Patient 23

Patient 28

34/38 (89.5%)
31/38 (81.6%)
18/38 (47.4%)
18/38 (47.4%)
17/38 (44.7%)
9/38 (23.7%)
8/38 (21.1%)
7/38 (18.4%)
5/38 (13.2%)

n=35 positive, n=1 negative, n=2 N.D.

n=28 positive, n=2 negative, n=8 N.D.

n=27 positive, n=1 negative, n=10 N.D.
n=23 positive, n=0 negative, n=15 N.D.
n=23 positive, n=0 negative, n=15 N.D.
n=20 positive, n=9 negative, n=9 N.D.

n=18 positive, n=0 negative, n=20 N.D.
n=15 positive, n=1 negative, n=22 N.D.
n=15 positive, n=2 negative, n=21 N.D.
n=10 positive, n=2 negative, n=26 N.D.

CTNNBI Exon 3, type p.S37F

CTNNBI Exon 3, type p.G43R, c.100G>A
CTNNBI Exon 3, type p.D32N, c.94G>A
CTNNBI Exon 3, type p.G43R

CTNNBI Exon 3, type p.Asp32Tyr, ¢.94G>T
FGFRI Exonl4, type 9.11e639Met, ¢.1917A>G
No pathogenic findings

N.D. not determined
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The rare localizations in the corpus (n=3) and between
the corpus and tail of the pancreas (n=2) were treated with
different individualized resection procedures. Pancreatic
segment resection (n=1), tail resection (n=2), Whipple
procedure (n=1), and simultaneous resection of the tail
and corpus (n=1) were performed. All of these patients
remained recurrence-free during follow-up.

As vital pancreatic tissue was removed or displaced by
the treatment or tumor, special attention was paid to post-
operative morbidity. Exogenous pancreatic insufficiency
was one of the most relevant sequelae. A distinction was
made between temporary insufficiency (n=1) and per-
manent insufficiency (n =8). Patients with permanent
insufficiency were treated continuously with pancreatic
enzyme replacement therapy, whereas the patient with
temporary insufficiency only needed such treatment for
less than seven months after surgery. Postoperative com-
plications were pleural effusions (n=15), ascites (n=2),
pancreatitis (n = 1), varices of the fundus (n = 1), splenic
retention (n = 1), pancreatic pseudocyst (n=1), and dif-
fuse venous bleeding (n=1). Seven patients received
antibiotic infection prophylaxis for different durations
after splenectomy, depending on their age, to prevent an
overwhelming post-splenectomy infection. Apart from
the patients with pancreatic insufficiency requiring treat-
ment, no other long-term sequelae were reported during
the follow-up.

Relevant microscopic and immunohistochemical findings
are summarized in Table 3. On histopathologic examination,
pseudopapillary (n=34, 89.5%) and solid (n=31, 81.6%)
patterns were found most frequently. In addition, hemor-
rhages (n=18; 47.4%) as well as cystic (n=18, 47.4%) and
fibrosclerotic (n=9, 23.7%) areas were frequently encoun-
tered. A tumor capsule was found in 17 patients (44.7%).
Immunohistochemically, aberrant nuclear beta-catenin
expression as a defining feature was detected (35/36 posi-
tive) followed by the nuclear progesterone receptor (28/30
positive). Cyclin D1 (27/28 positive), vimentin (23/23 posi-
tive), CD10 (23/23 positive), CD56 (18/18 positive), and
alpha-1-antitrypsin (15/16 positive) were also among the
more frequent findings.

In six patients, molecular genetic data were available.
Five patients were found to have a genetic variant with a
single-nucleotide base change and subsequent amplifica-
tion in CTNNBI exon 3. The alterations clustered in the
critical regions of codons 32 and 43. In one patient, no
CTNNBI variant or other pathogenic alteration could be
found. Another alteration was detected in one patient at
FGFRI exon 14.

After surgical resection, all patients underwent follow-up.
No relapse of the disease was observed in any patient. The
median follow-up period was 23 months (IQR 11-39).

Discussion

In this retrospective analysis of 38 STEP patients with
pancreatic SPN, we found a significant preponderance of
females, consistent with previous reports [5, 7-9]. An asso-
ciation with female sex hormones in adolescents of child-
bearing age and young adults has been suggested as potential
explanation [10]. Whether obesity and overweight, which
appeared to be disproportionately prevalent in our patient
cohort, are linked to this, requires further investigation [11].
Studies in young adults showed that progesterone may act
as an oncogenic factor [10, 12]. Since SPN lack pancreas-
specific transcription factors and show accumulation of
beta-catenin, an origin from embryonic stem cells of the
genital ridge has been discussed, which is supported by the
frequent expression of progesterone receptors in our series
[13, 14]. However, the expression of neuroendocrine mark-
ers may argue for an origin from pluripotent stem cells of
the pancreas supporting other reports [14, 15]. Other than
representing a form of “Wnt-opathy”, the exact etiology of
SPN remains unclear, similar to other organ-specific entities
that share beta-catenin alteration with impaired Wnt signal-
ing and frequent expression of progesterone receptor and
CD10 [16].

Since most SPN occurred in adolescent patients, age
may serve as a distinguishing feature in children and ado-
lescents with neoplasms of the pancreas, as PBs are more
likely to occur in younger children [17]. As SPN very
rarely develop distant metastases, primarily local, non-
specific symptoms occur. In some cases, this can lead to a
significant latency period during which the tumor disease
can progress.

Sonography is the diagnostic method of choice for the
evaluation of patients with unspecific abdominal symptoms
or a suspected pancreatic mass [18]. For diagnostic confir-
mation, MRI of the abdomen was commonly used in our
patients to characterize the tumor in detail and to allow for
preoperative planning [19, 20]. Since MRI features can be
highly suggestive for the diagnosis of SPN, we consider it
useful for preoperative distinction of more aggressive pan-
creatic neoplasms [9]. In individual cases, CT imaging can
provide additional information, e.g., about hemorrhages or
vascular invasion [19, 20]. For a possible differentiation
from PB, the AFP level should be determined at the time
of diagnosis.

Biopsies were performed in only seven patients prior to
resection because SPNs, unlike PB or ACC, have distinct
features on imaging, avoiding further interventions other
than curative surgery. Solid and cystic tumor segments,
tumor hemorrhages, and tumor capsules may be indicative
of SPN on imaging [19-21]. Conversely, deviating image
morphological features may suggest the need for a biopsy

@ Springer
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in view of the different approach in other malignant neo-
plasms [18, 22].

Histopathological and immunohistochemical characteriza-
tions are essential, and assessment by an experienced refer-
ence pathologist should be sought. Pseudopapillary, mixed
solid, and cystic lesions as well as fibrotic and hyalinized por-
tions are indicative of SPN. Solid portions in larger tumors
are thought to be associated with a higher grade of malig-
nancy [23]. We demonstrated that the immunohistochemical
detection of nuclear beta-catenin associated with the altered
CTNNBI gene is most important, followed by progesterone
receptors, vimentin, CD56, and CD10 [10, 24]. However,
nuclear staining of -catenin may also be seen in PB (limited
to the squamous morules) and even in ACC and is therefore
not sufficient as a distinguishing characteristic alone, so that
the morphological and clinical context should be considered
when interpreting the immunohistochemical findings [25]. We
confirmed cyclin D1 and alpha-1-antitrypsin as further poten-
tial markers [16]. While synaptophysin may be positive, espe-
cially in differentiating neuroendocrine tumors, chromogranin
A (n=2) is usually negative in SPN [24, 26]. A more diffuse
and strong pan-cytokeratin expression should alert to the pos-
sibility of a neuroendocrine neoplasm (NET) [16].

Molecular genetic analyses of tumor tissue were per-
formed in six patients to detect driver alterations. The most
frequently involved gene was CTNNBI, in which exon 3
was particularly affected, leading to nuclear accumulation
of beta-catenin [27]. This is consistent with other studies
conducted mainly in adult patients, in which CTNNBI was
altered in over 90% of tumor samples [27, 28]. However,
CTNNRBI alterations have also been described in PB and
ACC, ruling out an SPN-specific modification [29, 30]. In
addition, one patient in our cohort had a sequence variant in
the FGFRI gene, which has not previously been associated
with SPN. In other tumor entities such as non-small cell lung
cancer or breast cancer, FGFRI is frequently altered and a
therapeutic target. Genetic analyses of tumor and healthy
tissue are of particular scientific interest in order to further
clarify the pathogenesis and etiology of SPN.

Resection of the pancreatic tail was performed in most
of our patients as the tail was the most common tumor site
(50%), in contrast to other studies where tumors were more
often located in the pancreatic head [5, 7]. Individual surgi-
cal planning should consider laparoscopic or robotic-assisted
spleen-preserving distal pancreatectomy, which can mini-
mize postoperative complications [31, 32]. While Fais and
colleagues found an increased risk of recurrence after lapa-
roscopic biopsy and subsequent resection, no recurrences
were noted in our patients after laparoscopic resection,
consistent with other studies, while patients benefited from
shorter hospitalization [33, 34]. Therefore, laparoscopic
resection of SPN may be considered by experienced pedi-
atric surgeons based on an individual risk assessment. In
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distal pancreatectomy, a substantial portion of the pancreas
is resected, which resulted in exocrine pancreatic insuffi-
ciency in one patient in our cohort. In adults, the frequency
of exocrine pancreatic insufficiency and diabetes mellitus
has been reported in up to 17% and 23% of patients, respec-
tively [35]. If concurrent splenectomy is required, appropri-
ate asplenia treatment must be administered postoperatively
to avoid overwhelming post-splenectomy infections, includ-
ing relevant vaccinations.

For tumors localized in the pancreatic head, PPPD
was performed more frequently than Whipple procedure
in our cohort. The surgical approach to these tumors
is controversial in the literature, mainly because of
postoperative morbidities, but there are few data on pediatric
patients [5, 36]. While one report analyzing different
pancreatic neoplasms in childhood found higher rates
of exocrine insufficiency after PPPD, favoring Whipple
surgery, others found no differences in this regard [5, 36,
37]. An alternative surgical approach for pancreatic head
tumors is duodenum-preserving pancreatic head resection,
which is less radical in its extent and is primarily intended
for benign and low-grade malignant tumors [9, 38]. In
terms of postoperative sequelae, this method seems to
offer an advantage, also with regard to the occurrence of
endocrine insufficiencies [5, 39]. Furthermore, it can be
performed safely laparoscopically as in one patient of our
cohort [40, 41]. Due to its potential advantages, it may be
considered for tumors of the pancreatic head with radio-
morphologic criteria typical of SPN. Eight cases of exocrine
pancreatic insufficiency after resection of a tumor in the
pancreatic head occurred in our cohort (57.1%, thereof 7.1%
with temporary enzyme replacement therapy for less than
7 months). Since this is an expected sequela after resection
of the pancreatic head, the question arises whether the
proportion of exocrine pancreatic insufficiencies could be
even higher and corresponding information was missing
in the follow-up reports. Pancreatic enzyme replacement
therapy is essential in such cases. Endocrine pancreatic
insufficiency (diabetes mellitus) did not occur in our cohort,
but has been rarely reported after pancreaticoduodenectomy
[42]. The varying frequencies of morbidities after surgery
suggest a correlation with the surgeon’s experience; thus,
resections of pancreatic tumors in children should only be
performed by experienced pediatric surgeons.

To minimize the loss of pancreatic tissue, enucleation of
the tumor is favored by some for small tumors, resulting in a
lower probability of postoperative pancreatic insufficiency [43,
44]. Howeyver, due to an increased recurrence rate, enucleation
should only be considered in selected cases [23, 45].

Apart from local extension beyond the pancreas with infil-
tration of adjacent anatomic structures, distant metastases
and lymph node metastases are rare in SPN in the pediatric
age group [46-48]. Infiltration of peripancreatic tissue and
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neural or vascular infiltration favor the development of metas-
tases [49]. If metastases occur, these should also be radically
removed, if possible, to prevent recurrence [50]. The data on
additional cytostatic therapy are sparse. Among others, com-
binations of fluorouracil and oxaliplatin as well as etoposide,
ifosfamide, and cisplatin have been applied in an adjuvant or
neoadjuvant setting for recurrent peritoneal metastases [47,
51]. In individual cases, alternatives such as hyperthermic
intraperitoneal chemotherapy or transarterial chemoemboli-
zation may also be considered [52, 53]. Especially in the case
of local recurrence, these patients still have a good prognosis,
although fatal courses have been described [5, 47, 48]. Overall,
children and adolescents with SPN have an excellent prognosis
with a survival rate of more than 95% [5, 47, 48].

In recent years, different criteria have been proposed that
may correlate with more aggressive tumor biology, higher
grade of malignancy, and higher recurrence probability: age
at diagnosis <13.5 years, R, resection, larger tumors and male
sex [23, 47, 54]. Despite R, resections in two cases, we did not
detect any recurrences in our cohort. Thus, our data do not sup-
port the listed risk factors of recurrence as in other pediatric
case series [23, 47, 48]. However, this should be viewed with
caution, as recurrences in SPN have also occurred significantly
later, in some cases up to 10 years after initial diagnosis [47,
55]. This highlights the need for long-term follow-up.

Currently, there are no standardized follow-up sched-
ules. Based on our analysis and published experience, we
propose follow-up appointments with clinical examinations
and sonography of the abdomen every 3 months for the first
2 years after complete resection. After that, such follow-
up should be performed every 612 months until 10 years
after diagnosis, due to reports of late recurrences. In patients
with R, resections, the follow-up interval should be short-
ened to every 3 months, and alternating MRI and ultrasound
should be considered for the first 2 years after resection.
Thereafter, follow-up appointments with clinical examina-
tion and sonography of the abdomen should be performed
every 6 months initially and then annually until 10 years
after diagnosis.

Conclusion

SPNs in children and adolescents are low-grade malig-
nancies with an overall excellent oncological outcome.
Nevertheless, unfavorable courses with aggressive tumor
biology may rarely occur, and therapy may be associated
with significant long-term sequelae. Recurrences can be
prevented by complete resection, sparing as much healthy
residual pancreatic tissue as possible to avoid exocrine
and endocrine insufficiencies. Enucleation should be only
be considered in selected cases as it may enhance intra-
abdominal recurrences. Minimally invasive resection

procedures can be evaluated, considering the respective
tumor extent, but require sufficient expertise of the sur-
gical oncologist. Close interdisciplinary collaboration
is essential for optimal treatment of these patients. To
clarify the pathogenesis of SPN in differentiation from
other pancreatic malignancies, molecular genetic studies
are of particular scientific interest. International collabo-
rations such as the European Cooperative Study Group for
Pediatric Rare Tumors (EXPeRT) are needed to improve
our understanding of SPN in this age group by validating
potential risk factors for recurrence in a larger prospective
patient cohort with adequate long-term follow-up.

Acknowledgements The authors thank the staff of the reporting hos-
pitals and patients contributing to this study.

Authors' contributions Conceptualization, J.F., .B.B., D.T.S. and
M.A.; Formal analysis, C.J. and M.A.; Investigation, C.J., J.F., M.A.,
D.T.S., and 1.B.B.; Methodology, C.J., J.LF. and M.A.; Resources, J.F.,
AA.,CYV,GE,CB.,SWW, AS.JS., BB, D.T.S. and M.A,;
Supervision, J.F., .LB.B., D.T.S. and M.A.; Writing - original draft,
CJ.,J.F. and M.A_; Writing - review & editing, J.F., A.A.,C.V,, G.E.,
C.B,SSW.W.,AS.,]J.S,,I.LB.B,, D.T.S. and M.A. All authors have read
and agreed to the published version of the manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL. The German STEP registry (led by D. T. S. and I. B. B.) was
supported by the German Childhood Cancer Foundation, grant number
DKS 2013.18 A/B, DKS 2018.18 A/B, and DKS 2021.05 A/B.

Data availability The data that support the findings of this study are
available on request from the corresponding author (M. A.). The data
are not publicly available due to privacy restrictions.

Declarations

Ethics approval The STEP registry and its research projects were
performed in line with the principles of the Declaration of Helsinki
and approved by the institutional review boards of the University
of Erlangen (Re. No. 4340), the University of Tuebingen (Re. No.
847/2019B02), and the ethics committees of the participating hos-
pitals. The STEP registry has the ClinicalTrials.gov Identifier:
NCTO05773651.

Consent to participate Patients and/or their legal guardians have given
their informed consent for recording in the STEP registry.

Consent for publication Patients and/or their legal guardians have
given their informed consent for publication of anonymized data of
the STEP Registry.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not

@ Springer



5350

European Journal of Pediatrics (2023) 182:5341-5352

permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Klimstra DS, Gill AJ, Washington MK (2019) WHO Classifi-
cation of Tumours Editorial Board. Digestive system tumours.
WHO Classification of Tumours Series, Sth edn, vol 1, chap 31.
International Agency for Research on Cancer

2. Perez EA, Gutierrez JC, Koniaris LG, Neville HL, Thompson
WR, Sola JE (2009) Malignant pancreatic tumors: incidence and
outcome in 58 pediatric patients. J Pediatr Surg 44(1):197-203.
https://doi.org/10.1016/j.jpedsurg.2008.10.039

3. Ferrari A, Brecht IB, Gatta G et al (2019) Defining and list-
ing very rare cancers of paediatric age: consensus of the Joint
Action on Rare Cancers in cooperation with the European
Cooperative Study Group for Pediatric Rare Tumors. Eur J
Cancer 110:120-126. https://doi.org/10.1016/j.ejca.2018.12.031

4. Kosmahl M, Pauser U, Peters K et al (2004) Cystic neo-
plasms of the pancreas and tumor-like lesions with cystic
features: a review of 418 cases and a classification proposal.
Virchows Arch 445(2):168-178. https://doi.org/10.1007/
s00428-004-1043-z

5. Mylonas KS, Doulamis IP, Tsilimigras DI et al (2018) Solid pseu-
dopapillary and malignant pancreatic tumors in childhood: a sys-
tematic review and evidence quality assessment. Pediatr Blood
Cancer 65(10):e27114. https://doi.org/10.1002/pbc.27114

6. Brierley J, Gospodarowicz M, Wittekind C (2016) TNM clas-
sification of malignant tumours, 8th edn. Wiley-Blackwell, p 272

7. Choi SH, Kim SM, Oh JT, Park JY, Seo JM, Lee SK (2006)
Solid pseudopapillary tumor of the pancreas: a multicenter
study of 23 pediatric cases. J Pediatr Surg 41(12):1992-1995.
https://doi.org/10.1016/j.jpedsurg.2006.08.024

8. Vassos N, Agaimy A, Klein P, Hohenberger W, Croner RS
(2013) Solid-pseudopapillary neoplasm (SPN) of the pancreas:
case series and literature review on an enigmatic entity. Int J
Clin Exp Pathol 6(6):1051-1059

9. Ventriglia A, Manfredi R, Mehrabi S et al (2014) MRI features of
solid pseudopapillary neoplasm of the pancreas. Abdom Imaging
39(6):1213-1220. https://doi.org/10.1007/s00261-014-0169-y

10. Wul, Mao Y, Jiang Y et al (2020) Sex differences in solid pseu-
dopapillary neoplasm of the pancreas: a population-based study.
Cancer Med 9(16):6030-6041. https://doi.org/10.1002/cam4.3180

11. Schienkiewitz A, Brettschneider AK, Damerow S, Rosario AS
(2018) Overweight and obesity among children and adolescents
in Germany. Results of the cross-sectional KiGGS Wave 2 study
and trends. J Health Monit 3(1):15-22. https://doi.org/10.17886/
RKI-GBE-2018-022.2

12. Ganepola GA, Gritsman AY, Asimakopulos N, Yiengpruksawan
A (1999) Are pancreatic tumors hormone dependent?: a case
report of unusual, rapidly growing pancreatic tumor during
pregnancy, its possible relationship to female sex hormones,
and review of the literature. Am Surg 65(2):105-111

13. Calvani J, Lopez P, Sarnacki S et al (2019) Solid pseudopapil-
lary neoplasms of the pancreas do not express major pancreatic
markers in pediatric patients. Hum Pathol 83:29-35. https://doi.
org/10.1016/j.humpath.2018.08.010

14. Mao C, Guvendi M, Domenico DR, Kim K, Thomford NR, Howard
IM (1995) Papillary cystic and solid tumors of the pancreas: a pancre-
atic embryonic tumor? Studies of three cases and cumulative review
of the world’s literature. Surgery 118(5):821-828. https://doi.org/10.
1016/s0039-6060(05)80271-5

@ Springer

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Diaconescu S, Gilcd-Blanariu GE, Poamaneagra S, Marginean
O, Paduraru G, Stefanescu G (2021) Could the burden of pan-
creatic cancer originate in childhood? World J Gastroenterol
27(32):5322-5340. https://doi.org/10.3748/wjg.v27.132.5322
Agaimy A, Haller F (2016) CTNNB1 (B-Catenin)-altered neo-
plasia: a review focusing on soft tissue neoplasms and paren-
chymal lesions of uncertain histogenesis. Adv Anat Pathol
23(1):1-12. https://doi.org/10.1097/pap.0000000000000104
Mylonas KS, Nasioudis D, Tsilimigras DI, Doulamis IP, Masiakos
PT, Kelleher CM (2018) A population-based analysis of a rare onco-
logic entity: malignant pancreatic tumors in children. J Pediatr Surg
53(4):647-652. https://doi.org/10.1016/j.jpedsurg.2017.06.024
Brillantino C, Rossi E, Pirisi P et al (2021) Pseudopapillary solid
tumour of the pancreas in paediatric age: description of a case
report and review of the literature. J Ultrasound 24. https://doi.
org/10.1007/s40477-021-00587-7

Yang Z, Gong Y, Ji M, Yang B, Qiao Z (2021) Differential diag-
nosis of pancreatoblastoma (PB) and solid pseudopapillary neo-
plasms (SPNs) in children by CT and MR imaging. Eur Radiol
31(4):2209-2217. https://doi.org/10.1007/s00330-020-07309-3
Cantisani V, Mortele KJ, Levy A et al (2003) MR imaging fea-
tures of solid pseudopapillary tumor of the pancreas in adult and
pediatric patients. AJR Am J Roentgenol 181(2):395—401. https://
doi.org/10.2214/ajr.181.2.1810395

Ozcan HN, Oguz B, Sen HS, Akyuz C, Haliloglu M (2014) Imag-
ing features of primary malignant pancreatic tumors in children.
AJR Am J Roentgenol 203(3):662-667. https://doi.org/10.2214/
ajr.13.12300

Muller CO, Guérin F, Goldzmidt D et al (2012) Pancreatic resec-
tions for solid or cystic pancreatic masses in children. J Pediatr
Gastroenterol Nutr 54(3):369-373. https://doi.org/10.1097/MPG.
0b013e31823cef4d5

Hwang J, Kim DY, Kim SC, Namgoong JM, Hong SM (2014)
Solid-pseudopapillary neoplasm of the pancreas in children: can
we predict malignancy? J Pediatr Surg 49(12):1730-1733. https://
doi.org/10.1016/j.jpedsurg.2014.09.011

Kim MJ, Jang SJ, Yu E (2008) Loss of E-cadherin and cytoplasmic-
nuclear expression of beta-catenin are the most useful immuno-
profiles in the diagnosis of solid-pseudopapillary neoplasm of the
pancreas. Hum Pathol 39(2):251-258. https://doi.org/10.1016/j.
humpath.2007.06.014

Dessimoz J, Grapin-Botton A (2006) Pancreas development and
cancer: Wnt/beta-catenin at issue. Cell Cycle 5(1):7-10. https://
doi.org/10.4161/cc.5.1.2293

Mahida JB, Thakkar RK, Walker J et al (2015) Solid pseudo-
papillary neoplasm of the pancreas in pediatric patients: a case
report and institutional case series. J Pediatr Surg Case Rep
3(4):149-153

Hackeng WM, Hruban RH, Offerhaus GJ, Brosens LA. Surgical
and molecular pathology of pancreatic neoplasms. Diagn Pathol.
2016;11(1):47. https://doi.org/10.1186/s13000-016-0497-z
Rodriguez-Matta E, Hemmerich A, Starr J, Mody K, Severson EA,
Colon-Otero G (2020) Molecular genetic changes in solid pseudo-
papillary neoplasms (SPN) of the pancreas. Acta Oncol 59(9):1024—
1027. https://doi.org/10.1080/0284186x.2020.1792549

Furlan D, Sahnane N, Bernasconi B et al (2014) APC alterations
are frequently involved in the pathogenesis of acinar cell carci-
noma of the pancreas, mainly through gene loss and promoter
hypermethylation. Virchows Arch 464(5):553-564. https://doi.
org/10.1007/s00428-014-1562-1

Isobe T, Seki M, Yoshida K et al (2018) Integrated molecular
characterization of the lethal pediatric cancer pancreatoblastoma.
Cancer Res 78(4):865-876. https://doi.org/10.1158/0008-5472.
CAN-17-2581


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jpedsurg.2008.10.039
https://doi.org/10.1016/j.ejca.2018.12.031
https://doi.org/10.1007/s00428-004-1043-z
https://doi.org/10.1007/s00428-004-1043-z
https://doi.org/10.1002/pbc.27114
https://doi.org/10.1016/j.jpedsurg.2006.08.024
https://doi.org/10.1007/s00261-014-0169-y
https://doi.org/10.1002/cam4.3180
https://doi.org/10.17886/RKI-GBE-2018-022.2
https://doi.org/10.17886/RKI-GBE-2018-022.2
https://doi.org/10.1016/j.humpath.2018.08.010
https://doi.org/10.1016/j.humpath.2018.08.010
https://doi.org/10.1016/s0039-6060(05)80271-5
https://doi.org/10.1016/s0039-6060(05)80271-5
https://doi.org/10.3748/wjg.v27.i32.5322
https://doi.org/10.1097/pap.0000000000000104
https://doi.org/10.1016/j.jpedsurg.2017.06.024
https://doi.org/10.1007/s40477-021-00587-7
https://doi.org/10.1007/s40477-021-00587-7
https://doi.org/10.1007/s00330-020-07309-3
https://doi.org/10.2214/ajr.181.2.1810395
https://doi.org/10.2214/ajr.181.2.1810395
https://doi.org/10.2214/ajr.13.12300
https://doi.org/10.2214/ajr.13.12300
https://doi.org/10.1097/MPG.0b013e31823cef45
https://doi.org/10.1097/MPG.0b013e31823cef45
https://doi.org/10.1016/j.jpedsurg.2014.09.011
https://doi.org/10.1016/j.jpedsurg.2014.09.011
https://doi.org/10.1016/j.humpath.2007.06.014
https://doi.org/10.1016/j.humpath.2007.06.014
https://doi.org/10.4161/cc.5.1.2293
https://doi.org/10.4161/cc.5.1.2293
https://doi.org/10.1186/s13000-016-0497-z
https://doi.org/10.1080/0284186x.2020.1792549
https://doi.org/10.1007/s00428-014-1562-1
https://doi.org/10.1007/s00428-014-1562-1
https://doi.org/10.1158/0008-5472.CAN-17-2581
https://doi.org/10.1158/0008-5472.CAN-17-2581

European Journal of Pediatrics (2023) 182:5341-5352

5351

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Kovler ML, Beckman RM, Goldstein SD, Stewart D (2019) Lapa-
roscopic spleen-preserving distal pancreatectomy for solid pseu-
dopapillary neoplasm in adolescents. J Laparoendosc Adv Surg
Tech A 29(10):1372-1377. https://doi.org/10.1089/1ap.2019.0201
Lalli R, Merritt N, Schlachta CM, Biitter A (2019) Robotic-
assisted, spleen-preserving distal pancreatectomy for a solid
pseudopapillary tumour in a pediatric patient: a case report and
review of the literature. J Robot Surg 13(2):325-329. https://doi.
org/10.1007/s11701-018-0835-0

Fais PO, Carricaburu E, Sarnacki S et al (2009) Is laparoscopic
management suitable for solid pseudo-papillary tumors of the pan-
creas? Pediatr Surg Int 25(7):617-621. https://doi.org/10.1007/
$00383-009-2388-9

Namgoong JM, Kim DY, Kim SC, Kim SC, Hwang JH, Song KB
(2014) Laparoscopic distal pancreatectomy to treat solid pseudo-
papillary tumors in children: transition from open to laparoscopic
approaches in suitable cases. Pediatr Surg Int 30(3):259-266.
https://doi.org/10.1007/s00383-014-3471-4

Beger HG, Mayer B, Vasilescu C, Poch B (2022) Long-term
metabolic morbidity and steatohepatosis following standard pan-
creatic resections and parenchyma-sparing, local extirpations for
benign tumor: a systematic review and meta-analysis. Ann Surg
275(1):54-66. https://doi.org/10.1097/51a.0000000000004757
Vasudevan SA, Ha TN, Zhu H et al (2020) Pancreaticoduodenec-
tomy for the treatment of pancreatic neoplasms in children: a pedi-
atric surgical oncology research collaborative study. Pediatr Blood
Cancer 67(9):28425. https://doi.org/10.1002/pbc.28425
Hiittner FJ, Fitzmaurice C, Schwarzer G et al (2016) Pylorus-
preserving pancreaticoduodenectomy (pp Whipple) versus
pancreaticoduodenectomy (classic Whipple) for surgical treatment of
periampullary and pancreatic carcinoma. Cochrane Database Syst Rev
2(2):Cd006053. https://doi.org/10.1002/14651858.CD006053.pubb
Snajdauf J, Rygl M, Petru O et al (2019) Indications and out-
comes of duodenum-preserving resection of the pancreatic head
in children. Pediatr Surg Int 35(4):449-455. https://doi.org/10.
1007/s00383-018-4410-6

Patterson KN, Trout AT, Shenoy A, Abu-El-Haija M, Nathan
JD (2022) Solid pancreatic masses in children: a review of cur-
rent evidence and clinical challenges. Front Pediatr 10:966943.
https://doi.org/10.3389/fped.2022.966943

Beger HG, Gansauge F, Siech M, Schwarz M, Poch B (2008)
Duodenum-preserving total pancreatic head resection for
cystic neoplastic lesions in the head of the pancreas. J Hepato-
biliary Pancreat Surg 15(2):149-156. https://doi.org/10.1007/
s00534-007-1227-4

Chen X, Chen W, Zhang Y, An Y, Zhang X (2020) Short-term
outcomes of laparoscopic duodenum-preserving total pancreatic
head resection compared with laparoscopic pancreaticoduodenec-
tomy for the management of pancreatic-head benign or low-grade
malignant lesions. Med Sci Monit 26:¢927248. https://doi.org/10.
12659/msm.927248

Lindholm EB, Alkattan AK, Abramson SJ et al (2017) Pan-
creaticoduodenectomy for pediatric and adolescent pancreatic
malignancy: a single-center retrospective analysis. J Pediatr Surg
52(2):299-303. https://doi.org/10.1016/j.jpedsurg.2016.11.025
Cho YJ, Namgoong JM, Kim DY, Kim SC, Kwon HH (2019)
Suggested Indications for enucleation of solid pseudopapillary
neoplasms in pediatric patients. Front Pediatr 7:125. https://doi.
org/10.3389/fped.2019.00125

Wang X, Chen YH, Tan CL et al (2018) Enucleation of pancre-
atic solid pseudopapillary neoplasm: short-term and long-term
outcomes from a 7-year large single-center experience. Eur J Surg
Oncol 44(5):644—-650. https://doi.org/10.1016/j.ejs0.2018.01.085
Laje P, Bhatti TR, Adzick NS (2013) Solid pseudopapillary neo-
plasm of the pancreas in children: a 15-year experience and the

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

identification of a unique immunohistochemical marker. J Pediatr
Surg 48(10):2054-2060. https://doi.org/10.1016/j.jpedsurg.2013.02.
068

Raffel A, Cupisti K, Krausch M et al (2004) Therapeutic strategy of
papillary cystic and solid neoplasm (PCSN): a rare non-endocrine
tumor of the pancreas in children. Surg Oncol 13(1):1-6. https://
doi.org/10.1016/j.suronc.2003.09.003

Irtan S, Galmiche-Rolland L, Elie C et al (2016) Recurrence
of solid pseudopapillary neoplasms of the pancreas: results of
a nationwide study of risk factors and treatment modalities.
Pediatr Blood Cancer 63(9):1515-1521. https://doi.org/10.
1002/pbc.25986

Crocoli A, Grimaldi C, Virgone C et al (2019) Outcome after
surgery for solid pseudopapillary pancreatic tumors in children:
report from the TREP project-Italian Rare Tumors Study Group.
Pediatr Blood Cancer 66(3):e27519. https://doi.org/10.1002/
pbc.27519

van den Akker M, Angelini P, Taylor G, Chami R, Gerstle JT,
Gupta A (2012) Malignant pancreatic tumors in children: a single-
institution series. J Pediatr Surg 47(4):681-687. https://doi.org/
10.1016/j.jpedsurg.2011.11.046

Lee SE, Jang JY, Hwang DW, Park KW, Kim SW (2008) Clinical
features and outcome of solid pseudopapillary neoplasm: differ-
ences between adults and children. Arch Surg 143(12):1218-1221.
https://doi.org/10.1001/archsurg.143.12.1218

Rebhandl W, Felberbauer FX, Puig S et al (2001) Solid-
pseudopapillary tumor of the pancreas (Frantz tumor) in children:
report of four cases and review of the literature. J Surg Oncol
76(4):289-296. https://doi.org/10.1002/js0.1048

Honore C, Goere D, Dartigues P, Burtin P, Dumont F, Elias D
(2012) Peritoneal carcinomatosis from solid pseudopapillary
neoplasm (Frantz’s tumour) of the pancreas treated with HIPEC.
Anticancer Res 32(3):1069-1073

Shimizu M, Matsumoto T, Hirokawa M et al (1999) Solid-
pseudopapillary carcinoma of the pancreas. Pathol Int 49(3):231-
234. https://doi.org/10.1046/j.1440-1827.1999.00852.x
Machado MC, Machado MA, Bacchella T, Jukemura J, Almeida
JL, Cunha JE (2008) Solid pseudopapillary neoplasm of the pan-
creas: distinct patterns of onset, diagnosis, and prognosis for male
versus female patients. Surgery 143(1):29-34. https://doi.org/10.
1016/j.surg.2007.07.030

Dall’igna P, Cecchetto G, Bisogno G et al (2010) Pancreatic
tumors in children and adolescents: the Italian TREP project expe-
rience. Pediatr Blood Cancer 54(5):675-680. https://doi.org/10.
1002/pbc.22385

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1089/lap.2019.0201
https://doi.org/10.1007/s11701-018-0835-0
https://doi.org/10.1007/s11701-018-0835-0
https://doi.org/10.1007/s00383-009-2388-9
https://doi.org/10.1007/s00383-009-2388-9
https://doi.org/10.1007/s00383-014-3471-4
https://doi.org/10.1097/sla.0000000000004757
https://doi.org/10.1002/pbc.28425
https://doi.org/10.1002/14651858.CD006053.pub6
https://doi.org/10.1007/s00383-018-4410-6
https://doi.org/10.1007/s00383-018-4410-6
https://doi.org/10.3389/fped.2022.966943
https://doi.org/10.1007/s00534-007-1227-4
https://doi.org/10.1007/s00534-007-1227-4
https://doi.org/10.12659/msm.927248
https://doi.org/10.12659/msm.927248
https://doi.org/10.1016/j.jpedsurg.2016.11.025
https://doi.org/10.3389/fped.2019.00125
https://doi.org/10.3389/fped.2019.00125
https://doi.org/10.1016/j.ejso.2018.01.085
https://doi.org/10.1016/j.jpedsurg.2013.02.068
https://doi.org/10.1016/j.jpedsurg.2013.02.068
https://doi.org/10.1016/j.suronc.2003.09.003
https://doi.org/10.1016/j.suronc.2003.09.003
https://doi.org/10.1002/pbc.25986
https://doi.org/10.1002/pbc.25986
https://doi.org/10.1002/pbc.27519
https://doi.org/10.1002/pbc.27519
https://doi.org/10.1016/j.jpedsurg.2011.11.046
https://doi.org/10.1016/j.jpedsurg.2011.11.046
https://doi.org/10.1001/archsurg.143.12.1218
https://doi.org/10.1002/jso.1048
https://doi.org/10.1046/j.1440-1827.1999.00852.x
https://doi.org/10.1016/j.surg.2007.07.030
https://doi.org/10.1016/j.surg.2007.07.030
https://doi.org/10.1002/pbc.22385
https://doi.org/10.1002/pbc.22385

5352

European Journal of Pediatrics (2023) 182:5341-5352

Authors and Affiliations

Christian Jentzsch' - Jorg Fuchs? - Abbas Agaimy? - Christian Vokuhl* - Gabriele Escherich® - Claudia Blattmann® -
Steven W. Warmann? - Andreas Schmidt? - Jiirgen Schifer’ - Ines B. Brecht' - Dominik T. Schneider® - Michael Abele'

< Michael Abele
michael.abele @med.uni-tuebingen.de

Pediatric Hematology/Oncology, Department of Pediatrics,
University Hospital Tuebingen, Tuebingen, Germany

Pediatric Surgery and Pediatric Urology, Department
of Pediatrics, University Hospital Tuebingen, Tuebingen,
Germany

Institute of Pathology, University Hospital Erlangen,
Erlangen, Germany

Section of Pediatric Pathology, Department of Pathology,
University Hospital Bonn, Bonn, Germany

@ Springer

Department of Pediatric Hematology and Oncology,
University Medical Center Hamburg-Eppendorf, Hamburg,
Germany

Department of Pediatric Oncology, Hematology
and Immunology, Olgahospital, Klinikum Stuttgart, Stuttgart,
Germany

Section of Pediatric Radiology, Department of Diagnostic
and Interventional Radiology, University Hospital Tuebingen,
Tuebingen, Germany

Clinic of Pediatrics, Klinikum Dortmund, University
Witten/Herdecke, Dortmund, Germany



	Solid pseudopapillary neoplasms of the pancreas in childhood and adolescence—an analysis of the German Registry for Rare Pediatric Tumors (STEP)
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


