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Abstract

Purpose Pancreatic tumors are rare in children and limited data are available regarding incidence, treatment, and outcomes.
We aim to describe patient and tumor characteristics and to report on survival of these diseases.

Methods Children with pancreatic tumors were queried from the National Cancer Database (2004-2014). The association
between treatment and hazard of death was assessed using Kaplan—Meier method and Cox regression model.

Results We identified 109 children with pancreatic tumors; 52% were male and median age at diagnosis was 14 years.
Tumors were distributed as follows: pseudopapillary neoplasm (30%), endocrine tumors (27%), pancreatoblastoma (16%),
pancreatic adenocarcinoma (16%), sarcoma (6%) and neuroblastoma (5%). Seventy-nine patients underwent surgery, of which
76% achieved RO resection. Most patients (85%) had lymph nodes examined, of which 22% had positive nodes. Five-year
overall survival by tumor histology was 95% (pseudopapillary neoplasm), 75% (neuroblastoma), 70% (pancreatoblastoma),
51% (endocrine tumors), 43% (sarcoma), and 34% (adenocarcinoma). On multivariable analysis, surgical resection was the
strongest predictor of survival (HR 0.26, 95% CI 0.10-0.68, p <0.01).

Conclusion Overall survival of children with pancreatic tumors is grim, with varying survival rates among different tumors.

Surgical resection is associated with improved long-term survival.
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Introduction

Pancreatic tumors in the pediatric population are extremely
rare, with an estimated incidence of 1-2 cases per ten mil-
lion children and young adults in the United States [1, 2].
Limited series have been reported, and even the largest chil-
dren’s hospitals only report a handful of cases over a number
of decades [3-7]. Pancreatic ductal adenocarcinoma is over-
whelmingly the most common histology in adults. However,
in children, a wide variety of tumors are encountered, which
include both benign and malignant lesions. These neoplasms
can be classified as exocrine vs. endocrine, epithelial vs.
non-epithelial, cystic vs. solid, and benign vs. malignant
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lesions; and the pancreatic malignancies encompass a wide
range of histologies that includes pancreatoblastoma, cys-
tadenocarcinoma, sarcoma, acinar cell carcinoma, solid
pseudopapillary neoplasms, endocrine tumors and ductal
adenocarcinoma [1].

Current treatment options for pancreatic tumors include
surgical management and medical treatments; however, a
surgical approach is preferred as it is associated with long-
term survival [8—10]. These infrequent tumors are extremely
challenging to study due to the heterogeneity of treatments
and lack of standardized guidelines. Our previous work with
the Surveillance, Epidemiology, and End Results (SEER)
database demonstrated that female gender and surgical
treatment were independent predictors of survival [1]. Our
current analysis examines the patterns of care and survival
outcomes of pancreatic tumors in children from the National
Cancer Database.
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Methods
Data source

The National Cancer Database (NCDB) Participant User
File (PUF) for pancreatic tumors in children (2004-2014)
was reviewed. The NCDB is a nationwide hospital-based
cancer registry sponsored by the American College of Sur-
geons Commission on Cancer and the American Cancer
Society. The NCDB collects de-identified data (including
patient demographics, clinical factors, treatments, and out-
comes) of >70% of newly diagnosed cancer cases. The Insti-
tutional Review Board at the University of Miami Miller
School of Medicine deemed this retrospective study to be
exempt from full review.

Patient sample

The study population included children (age <19 years)
diagnosed with primary malignant pancreatic tumors. Tumor
histology was defined according to the International Clas-
sification of Diseases for Oncology, 3rd revision (ICD-O-3)
morphologic codes for pseudopapillary neoplasm (8452);
neuroblastoma (9490, 9500); pancreatoblastoma (8971);
endocrine tumors (8150, 8151, 8152, 8240, 8246, 8249);
sarcomas (8806, 8854, 8920, 9364, 9473); and pancreatic
adenocarcinoma (8000, 8010, 8140, 8500, 8550). Patients
that underwent surgery were identified by surgery for pri-
mary site codes including local excision (25), distal pancrea-
tectomy (30), pancreaticoduodenectomy (35, 36, 37), total
pancreatectomy (40, 60, 70), and pancreatectomy NOS (80,
90). Extent of resection was recorded as microscopically
margin negative (R0O), or removal of all macroscopic dis-
ease but positive microscopic margins (R1). Cohorts were
stratified according to treatment: surgery, chemotherapy, and
chemoradiation therapy. Patients with missing survival data
(n=23) were excluded from survival analysis. The NCDB
PUF 2014 data dictionary describes other variables used

[11].

Statistical analysis

Descriptive statistics were calculated for patients’ character-
istics using mean and standard deviation for normally dis-
tributed values, median and interquartile range for non-par-
ametric data, frequencies, and percentages. The association
of clinicopathologic factors among treatments was analyzed.
Categorical variables were compared across groups using
Chi-squared (%) or Fisher’s exact tests, as appropriate. Con-
tinuous variables were assessed using analysis of variance
(ANOVA) for normally distributed data, or Kruskal-Wallis
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test for non-parametric distribution. Our primary endpoint
was overall survival (OS), measured from the date of diag-
nosis until death. The Kaplan—Meier method was used to
derive the survival curves estimates across treatments,
and the log-rank test was used to make comparisons of the
survival rates. Hazard ratios (HR) for mortality with 95%
confidence intervals (CI) were calculated using the Cox
proportional hazards model. Analyses were adjusted to the
following covariates: age, sex, race/ethnicity, insurance sta-
tus, histology, tumor size, tumor stage, and treatment, to
determine any significant effect on OS. Non-significant vari-
ables were dropped one at a time, beginning with the least
significant, and the models were reassessed. The fact that
there were only 24 deaths limited the number of variables
that could be used in a multivariable model without impact-
ing model stability. Each analysis’ statistical significance
was determined at an alpha level of 0.05 or less. Statistical
analyses were carried out using SAS Software version 9.4
(SAS Institute Inc., Cary, NC).

Results

A total of 109 children with malignant pancreatic tumors
were identified from 2004 to 2014. Median age at diagnosis
was 14 years (IQR 10-16). Males and females were similarly
represented (52% and 48%, respectively). Most patients were
white non-hispanic (55%) and insured (92%). Neuroblasto-
mas (median age < 1 year) and pancreatoblastomas (median
age 6 years) were more common in younger children,
whereas adenocarcinomas and pseudopapillary neoplasms
were more common in older patients (median age 15 years,
p<0.001). The majority of patients with pseudopapillary
neoplasms were female compared to other tumors (85% vs.
39%, p<0.001) (Table 1).

Clinical and tumor characteristics

Tumors were more commonly located in the head/neck
(31%) and tail (29%), followed by the body (13%) of the
pancreas. Twenty-seven percent were categorized as over-
lapping regions of the pancreas. The median tumor size was
5 cm (range 0.2-24). Pseudopapillary neoplasms and endo-
crine tumors were most commonly located in the tail of the
pancreas (37%) whereas adenocarcinomas and pancreato-
blastomas more frequently involved overlapping regions of
the pancreas (41%). Neuroblastomas and endocrine tumors
were significantly smaller than other tumors (3.2 vs. 6.5 cm,
p=0.004). For the cases with tumor grade classification
data available, most tumors were well-differentiated (27/40,
68%). The majority of children had stage I disease (39/71,
55%), followed by stage 1V (22/71, 31%). Of note, 47% of
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Table 1 Clinical characteristics of children with pancreatic tumors by histology

Pseudopapillary Endocrine Adenocarci-  Pancreatoblas- Sarcomas n=7, (%) Neuroblas-
neoplasm n=33, tumors n=30, noman=17, toman=17, tomas n=35,
(%) (%) (%) (%) (%)
Sex
Female 28 (85) 13 (43) 6 (35) 7 (41) 3(43) 1 (20)
Male 5(15) 17 (57) 11 (65) 10 (59) 4(57) 4 (80)
Age at diagnosis, (years)
04 - - 2(12) 6 (35) - 5 (100)
5-9 1(3) 2 (6) 3(18) 5(29) - -
10-14 9 (27) 11 (37) 5(29) 3(18) 3(43) -
15-17 23 (70) 17 (57) 7 (41) 3(18) 4 (57) -
Tumor location
Head/neck pancreas 10 (30) 5(16) 7(41) 4 (24) 4.(57) 4 (80)
Body 4(12) 6 (20) 1(6) 1(6) 1(14) 1 (20)
Tail 12 (36) 11 (37) 2 (12) 5(29) 2(29)
Overlapping lesion/NOS 7(21) 8 (27) 7(41) 7(41) -
Tumor size, (cm) (median, range) 6 (1.9-17.8) 3(0.2-24) 5.3(1-10.5)  7.2(0.4-16) 8.8 (2.7-11.6) 3.5(3-8.9)
AJCC stage
Stage 1 22 (67) 11 .(37) 4(24) 2(12) - -
Stage 11 2 (6) 3 (10) 2(12) - - -
Stage 111 2 (6) 1(3) - - - -
Stage IV 309 7 (23) 8 (47) 4(24) - -
Unknown 4(12) 8 (27) 3(18) 11 (65) 7 (100) 5 (100)
Treatment
Surgical management 31 (94) 24 (80) 5(29) 9(53) 6 (86) 4 (80)
Non-surgical management - 3 (10) 5(29) 7(41) 1(14) 1 (20)
Unknown 2 (6) 3 (10) 7 (41) 1(6) - -
NOS not otherwise specified, AJCC American Joint Commission on Cancer
patients with pancreatic adenocarcinoma had stage IV dis-  Stage IV patients

ease (Table 1).
Treatment characteristics

The majority of patients underwent surgery (79/109, 72%),
and most achieved RO microscopically negative margin
resection (60/79, 76%). The most common surgical pro-
cedures were distal pancreatectomy (33/79, 42%) and
pancreaticoduodenectomy (28/79, 35%). Of children that
underwent surgical resection, 85% (67/79) had lymph nodes
sampled, and 22% (15/67) had positive nodes. Females were
more likely to undergo surgery than males (59% vs. 41%,
p=0.03). Pancreatic adenocarcinoma (71%) and pancrea-
toblastoma (47%) were less likely to be surgically resected
compared to other tumors (p < 0.001). Fifteen of the 30
patients that did not undergo surgery received chemotherapy
alone (50%), two patients received chemoradiation (7%), and
for 13 patients the treatment was unknown (43%). Of the
patients that did not undergo surgery, half had metastatic
disease at time of diagnosis (Table 2).

There were 22 patients (20%) who were classified with stage
IV disease. Histologic type was most often adenocarcinoma
(36%) followed by endocrine (32%), pancreatoblastoma
(18%), and pseudopapillary (14%). Surgery was performed
on seven of these patients (32%), of whom four had endo-
crine tumors, two had pseudopapillary neoplasms, and one
had adenocarcinoma. Overall, 41% of stage IV patients
received chemotherapy alone, 18% received surgery alone,
14% received chemotherapy in addition to surgery, and 5%
received chemoradiation therapy alone. The treatment status
for 23% of these patients was unknown.

Survival analysis

The median follow-up was 38 months (IQR 18-70). Five-
year OS for all pancreatic tumors in children was 64%. Males
had significantly worse 5-year OS compared to females
(50% vs. 79%, p=0.028); however, this difference was no
longer significant (46% vs. 54%, p=0.401) after excluding
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Table 2 Clinical characteristics

of children with pancreatic Surgery (n=79, %) No surgery (n=30, %) p value
tumors by surgical management Sex 0.03
Female 47 (59) 11 (37)
Male 32 (41) 19 (63)
Age at diagnosis, (years) 0.11
04 9(12) 4 (13)
5-9 5(6) 6 (20)
10-14 26 (33) 5017)
15-17 39 (49) 15 (50)
Tumor location 0.72
Head/neck 23 (29) 11 (37)
Body 11 (14) 3(10)
Tail 25 (32) 7 (23)
Overlapping lesion/NOS 20 (25) 9 (30)
Histology <0.001
Adenocarcinoma 5(6) 12 (40)
Endocrine 24 (30) 6 (20)
Neuroblastoma 4(5) 1(3)
Pseudopapillary 31 (39) 2(7)
Pancreatoblastoma 9(12) 8 (27)
Sarcoma 6(8) 1(3)
Tumor size, (cm) (median, range) 5(2-17.8) 6.3 (0.7-24) 0.42
AJCC stage <0.001
Stage I 35 (44) 4(13)
Stage 11 6(8) 1(3)
Stage 111 2(2) 1(3)
Stage IV 709) 15 (50)
Unknown 29 (37) 9 (30)
Medical treatment <0.001
Chemotherapy 14 (18) 15 (50)
Chemoradiation 5(6) 2(7)
Unknown 60 (76) 13 (43)

NOS not otherwise specified

pseudopapillary neoplasms from the analysis, which are
much more prevalent in females and known to have less
aggressive behavior. Patients that underwent surgical resec-
tion had improved 5-year OS compared to those that did not
have surgery (78% vs. 33%, p <0.0001); the median OS for
children that did not have surgery was 24 months. Five-year
OS rates by tumor histology were 95%, 75%, 70%, 51%,
43%, and 34% for pseudopapillary neoplasm, neuroblas-
toma, pancreatoblastoma, endocrine tumors, sarcoma and
pancreatic adenocarcinoma, respectively (Fig. 1).

On univariate Cox proportional hazard model, vari-
ables associated with worse survival were male sex (HR
2.50, 95% CI 1.07-5.80, p=0.03), histology of adenocar-
cinoma or pancreatoblastoma (HR 2.52, 95% CI 1.04-6.10,
p=0.03), and chemotherapy (HR 3.82, 95% CI 1.65-8.86,
p <0.01). On the other hand, surgical resection reduced the
hazards of death (HR 0.21, 95% CI 0.09-0.46, p <0.01).

@ Springer

On multivariable analysis, surgery was the only predictor
associated with longer survival (HR 0.26, 95% CI 0.10-0.68,
p<0.01) (Table 3).

Discussion

Pediatric pancreatic tumors are exceedingly rare and poorly
described in the literature. Even the largest children’s hos-
pitals report an average of only 1-2 patients per year [4, 5].
This study reports a national series of pediatric pancreatic
tumors from 2004 to 2014 using the NCDB, which cap-
tures more than 70% of newly diagnosed cancer cases in the
US. This resulted in identification of 109 cases during this
11-year period. The most recent analysis from the SEER
database over a 41-year period (1973-2013) identified 114
cases of malignant pancreatic tumors [12]. This discrepancy
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in frequency may be due to an increasing incidence of pan-
creatic cancer or differential reporting between the two data-
bases. We believe the larger number of cases per year in our
study is due to the latter, as the NCDB encompasses a wider
range of newly diagnosed cancer cases in the US.

In our series, the most common histologies were pseu-
dopapillary neoplasms (30%), endocrine tumors (28%),
adenocarcinoma (16%) and pancreatoblastoma (16%). The
vast majority of patients with pseudopapillary neoplasms,
sarcomas, endocrine tumors, and neuroblastomas under-
went surgical resection while those with adenocarcinoma,
and surprisingly pancreatoblastoma, were much less likely
to be treated surgically. Overlapping lesions were highly
prevalent in these patients, which may indicate high disease
burden in most of the patients with adenocarcinoma (71%)
and nearly half with pancreatoblastoma (43%) with over-
lapping lesions not pursuing surgery. In addition, our data
indicate that nearly half of patients with adenocarcinoma
had stage IV disease. Whereas the 5-year overall survival
for adenocarcinoma was 34%, there were no survivors with
stage IV disease. On the other hand, 23% of patients with
pancreatoblastoma were identified as having stage IV dis-
ease, with a 5-year overall and stage IV survival for these
patients of 70% and 25%, respectively. Although complete
staging data were poorly reported for this histologic subtype,
it remains unclear why so few cases of pancreatoblastoma
(53%) received surgical treatment.

In our cohort, 15% of patients with solid pseudopapil-
lary neoplasms were male, a rate similar to other reported
series [13—15]. Although there are data to suggest that males

with solid pseudopapillary neoplasm may have an atypically
aggressive disease [16], this was not demonstrated in the
current study. Of the five males with solid pseudopapillary
neoplasms, there were three with survival data and all were
alive. While 21% of patients with pseudopapillary neo-
plasms had advanced disease in this study, 5-year overall
survival remained 95%, similar to other reports [15, 17].
Given that solid pseudopapillary neoplasms are known to
have a more favorable biology and less aggressive clinical
course compared to the other malignant neoplasms, we sus-
pected that the much higher incidence of this tumor type in
females might be responsible for the significantly improved
survival observed for female patients in our series. After
exclusion of pseudopapillary neoplasms from the survival
analysis, we indeed found that 5-year overall survival was
no longer significantly different for males and females. As
observed in our series, the relatively higher frequency of
solid pseudopapillary neoplasms among females may simi-
larly account for the improved survival in female patients
that has been reported in other series.

Endocrine tumors were the second most prevalent tumors.
Interestingly, more than half of patients (57%) underwent
surgical resection even in the presence of metastatic disease,
and 23% received adjuvant chemotherapy. While surgery
may have been indicated in these patients for compressive
symptoms from local mass effect or symptoms of hormone
secretion refractory to medical therapy [18], such informa-
tion is not recorded in the NCDB.

Complete surgical resection is the only potential cure for
patients with malignant pancreatic tumors; and therefore,
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Table 3 Factors associated

X N . A Univariate Multivariable
with death in children with
pancreatic tumors HR (95% CI) p HR (95% CI) p
Age at diagnosis, per year increase 0.98 (0.91-1.06) 0.59
Sex
Female Ref Ref
Male 2.50 (1.07-5.80) 0.03 2.18 (0.88-5.08) 0.09

Race/ethnicity
White non-hispanic
Black
Hispanic
Other
Insurance
Yes
No
Histology
Pseudopapillary/endocrine

Adenocarcinoma/pancreatoblastoma

Sarcoma

Neuroblastoma
Tumor size, per cm increase
Surgery
Resection margins

RO

R1+

Unknown
Lymph node status

Negative

Positive

Unknown
Chemotherapy
Radiation therapy

Ref

0.88 (0.28-2.70) 0.82
1.20 (0.45-3.17) 0.72
1.50 (0.34-6.70) 0.59

Ref
1.80 (0.61-5.24) 0.28

Ref Ref

2.52 (1.04-6.10) 0.03 0.64 (0.23-1.80) 0.40
1.37 (0.17-10.90) 0.76 1.55 (0.45-5.27) 0.48
2.70 (0.83-8.76) 0.09 0.31 (0.03-2.77) 0.30
1.10 (1.00-1.22) 0.05
0.21 (0.09-0.46) <0.01 0.26 (0.10-0.68) <0.01
Ref

1.58 (0.32-7.83) 0.58

1.47 (0.29-7.35) 0.64

Ref

2.65 (0.71-9.90) 0.15
4.62 (0.89-23.92) 0.07
3.82 (1.65-8.86) <0.01
2.42 (0.83-7.09) 0.11

2.50 (0.95-6.55) 0.06

patients with localized disease tend to be eligible for sur-
gery. In certain tumor types (solid pseudopapillary neo-
plasm, pancreatoblastoma, endocrine tumors), resection
even in the setting of metastatic disease may be beneficial
[3, 19]. Therefore, it is not surprising that survival was sig-
nificantly greater for patients who had surgery. On univari-
ate analysis, surgical resection reduced the hazard of death
(HR 0.21, 95% CI 0.09-0.46, p <0.01) and was the only
predictor associated with prolonged survival on multivari-
able analysis. However, given the lack of granular data in our
study to understand why certain patients underwent surgery
and others did not, it remains unclear if surgical interven-
tion or simply eligibility for surgery is truly associated with
improved survival.

There are limitations to this study that should be consid-
ered. Although this is one of the largest cohorts of pancreatic
tumors in children, small sample size and high underreport-
ing (12-25%) for some variables challenge the ability to gen-
erate robust estimates for survival. Similarly, the lacking
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clinical data (such as the presence of genetic syndromes,
biomarkers, fine needle aspiration or biopsy information)
could have helped to explain the approach to treatment.
Lastly, recurrence information is not available in the data-
base, which could have better defined oncologic outcomes
for this patient population.

In conclusion, malignant pancreatic tumors are an uncom-
mon and heterogeneous group of neoplastic lesions in the
pediatric population. Surgical management with or without
medical therapy is the preferred treatment for these tumors,
often even in the setting of metastatic disease. In general, we
found that a surgical approach was associated with improved
long-term survival although the exact indications for sur-
gery were unknown. While malignant tumors of the pancreas
encompass a broad spectrum of diseases, building on series
such as ours will hopefully provide sufficient clinical data for
the foundation of consensus guidelines for the management
of these very rare, heterogeneous neoplasms in children.
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