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Abstract

Purpose Pancreatic tumors in children are uncommon, and data is scarce. The purpose of this study is to examine
the prognostic factors of pediatric pancreatic tumors in a population-based cohort.

Methods The Surveillance, Epidemiology, and End Results (SEER) database was used to identify all pediatric patients
with pancreatic tumors diagnosed between 1975 and 2018. The overall survival (OS) rates were determined using a
Kaplan-Meier analysis. The log-rank test was used for univariate survival analysis. Cox proportional-hazards regression
was used to determine the variables related to OS.

Results We identified 195 children with pancreatic tumors, with a median age at diagnosis of 16 years. Tumors were
classified as neuroendocrine tumors (33.8%), solid pseudopapillary tumors (SPTs) (32.3%), pancreatoblastoma (11.3%),
and others (22.6%). Of the patients, 30.3% had distant metastases, and 69.7% had surgery. Pancreatoblastomas were
more common in younger children, whereas solid pseudopapillary tumors were more common in female patients.
Overall 1-year, 3-year, and 5-year survival rates for all patients were 90.3%, 79.2%, and 77.7%, respectively. The Cox
proportional hazard regression revealed that SEER stage and surgery were significant independent predictors of
overall survival.

Conclusions Pancreatic tumors are rare in children, and overall survival is grim except for SPTs. SEER stage and
surgery were determined to be the most relevant determinants of OS in our study.
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Introduction

Pediatric pancreatic tumors, with a prevalence estimated
at 1-2 cases per ten million children and adolescents
in the United States, represent a notably rare oncologi-
cal entity [1-3]. The majority of our current knowledge
of the incidence and prognosis of pancreatic tumors in
pediatric patients is based on limited single institutional
case series [4—8]. Among adults, pancreatic ductal ade-
nocarcinoma is by far the most frequent histology [9]. On
the other hand, a large range of tumors are seen in chil-
dren. Solid pseudopapillary tumors (SPTs) are thought to
be the most prevalent malignancy in the second decade
of life, whereas pancreatoblastoma is considered to be
the most common during the first decade of life [10-11].
In addition, neuroendocrine tumors, epithelial carcino-
mas and sarcomas have also been reported in children
[12-13]. The rarity and diversity of these malignancies,
coupled with the absence of standardized treatment pro-
tocols, present significant challenges in clinical research
and management.

To the best of our knowledge, however, given the rar-
ity of pancreatic tumors, very few sizable cohort studies
have explored the epidemiology and survival outcomes of
patients with these tumors. Therefore, utilizing data from
a sizable population-based database, the current study
aimed to more thoroughly identify and assess the prog-
nostic factors among children with pancreatic tumors.

Methods

Study population

Children and adolescents (age<19 years) diagnosed with
primary pancreatic tumors between 1975 and 2018 were
included in the study. For pancreatic tumors, we used
the Third Edition (ICD-0O-3) morphological code (pseu-
dopapillary neoplasm: 8452; pancreatoblastoma: 8971;
endocrine tumors: 8240, 8246, 8150; sarcomas: 9930,
9755; pancreatic adenocarcinoma: 8140; acinar cell car-
cinoma: 8550). Using the “case listing” option, demo-
graphic parameters were extracted. Three categories
were used to categorize tumor grades: low or moderately
differentiated, poorly or undifferentiated, and unknown.
The SEER historic stage was used to determine the stag-
ing information. Localized disease is restricted to the
primary organ and shows no signs of spreading; regional
disease has spread to surrounding tissues or lymph
nodes; and distant tumors have spread from the primary
site to distant organs or lymph nodes. The diagnosis age
ranges were divided into two groups: 0—14 years old and
15-19 years old. Four types of treatments were used to
categorize the cohorts: no treatment, surgery alone, che-
motherapy alone, and surgery plus chemotherapy. Only
patients with pathological confirmation were included in
this study. Patients with unknown important data, such
as SEER stage, surgery status and incomplete follow-up
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information were excluded. Informed consent was
waived because the data were gathered from a public
database.

Statistical analysis

All statistical analyses were performed using SPSS soft-
ware (version 22.0, SPSS Inc., Chicago, IL, USA). The
chi-square test was used to compare the frequency dis-
tribution of categorical variables. Our primary outcome
was overall survival (OS), which was calculated from the
date of diagnosis to the date of death. To estimate survival
curves across treatments, the Kaplan-Meier method was
utilized, and the log-rank test was performed to compare
survival rates. The Cox proportional hazards model was
used to determine mortality hazard ratios (HR) with 95%
confidence intervals (CI). Variables with a P<0.10 in uni-
variate analysis were selected for multivariate analysis.
The statistical significance was determined using a two-
tailed P-value of 0.05.

Results

Patient characteristics

A total of 195 children and adolescents with malignant
pancreatic tumors were identified from 1975 to 2018.
The median patient age was 16 years (range: 1-19 years).
The majority of patients (74.9%) were white and female
(65.7%). Eighty-four patients (43.0%) were <14 years old,
while 111 (57.0%) were 15—19 years old. Distant metas-
tases were found in 30.3% of the patients, whereas 48.7%
(95/195) and 21% (41/195) had localized and regional
disease, respectively. Only 66 cases had tumor grade
information; 28.2% had well or moderate differentia-
tion, while 5.6% had poorly or undifferentiated tumors.
In terms of treatment, the majority of them were treated
with surgery (69.7%) and without chemotherapy (69.2%).
Eighty-three (42.6%) had lymph nodes removed. Further-
more, surgery alone was the most often used treatment
regimen (58.5%).

Table 1 shows the 195 patients with validated pancre-
atic tumor subtypes. The most prevalent type of tumor
was neuroendocrine tumor (33.8%), followed by solid
pseudopapillary tumor (32.3%). Pancreatoblastoma
was more common in younger children, whereas solid
pseudopapillary tumors were more common in female
patients (p<0.001). The proportion of localized stage
(71.4%), surgery (93.7%) and lymph nodes removed
(69.8%) were highest in solid pseudopapillary tumors.

Survival analysis

All patients had overall survival rates of 90.3% at 1-
year, 79.2% at 3- year, and 77.7% at 5- year. Regarding
age (P=0.952) and race (P=0.878), there was no sig-
nificant difference. Additionally, no statistically signifi-
cant variation in OS was seen according to the primary
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Table 1 Basic characteristics of patients with pancreatic tumors stratified by tumor histology

Characteristics SPT NET PB Others P value
Age at diagnosis, n (%) <0.001
< 14-year-old 21 (33.3%) 19 (28.8%) 20 (90.9%) 24 (54.5%)

> 14-year-old 42 (66.7%) 47 (71.2%) 2(9.1%) 20 (45.5%)

Gender, n (%) <0.001
Female 57 (90.5%) 35 (53%) 10 (45.5%) 26 (59.1%)

Male 6 (9.5%) 31 (47%) 12 (54.5%) 18 (40.9%)

Race, n (%) 0.569
White 47 (74.6%) 50 (75.8%) 14 (63.6%) 35 (79.5%)

Others 16 (25.4%) 16 (24.2%) 8 (36.4%) 9 (20.5%)

Primary sites, n (%) 0.024
Head 21 (33.3%) 19 (28.8%) 8 (36.4%) 25 (56.8%)

Body 7 (11.1%) 5 (7.6%) 2(9.1%) 6 (13.6%)

Tail 21 (33.3%) 17 (25.8%) 4(18.2%) 3(6.8%)

Unknown 14 (22.2%) 25 (37.9%) 8 (36.4%) 10 (22.7%)

Grade, n (%) <0.001
Low/moderate (/1) 20 (31.7%) 28 (42.4%) 0 (0%) 7 (15.9%)

Poor/undifferentiated (Ill/1V) 1(1.6%) 4 (6.1%) 1 (4.5%) 5(11.4%)

Unknown 42 (66.7%) 34 (51.5%) 21 (95.5%) 32 (72.7%)

Tumor size (cm), n (%) 0.065
<5 7(11.1%) 17 (25.8%) 4(18.2%) 10 (22.7%)

>5 19 (30.2%) 9 (13.6%) 5(22.7%) 4(9.1%)

Unknown 37 (58.7%) 40 (60.6%) 13 (59.1%) 30 (68.2%)

SEER stage, n (%) <0.001
Localized 45 (71.4%) 29 (43.9%) 7 (31.8%) 14 (31.8%)

Regional 16 (25.4%) 10 (15.2%) 4(18.2%) 11 (25%)

Distant 2(3.2%) 27 (40.9%) 11 (50%) 19 (43.2%)

Surgery, n (%) <0.001
Yes 59 (93.7%) 38 (57.6%) 16 (72.7%) 23 (52.3%)

No 4 (6.3%) 28 (42.4%) 6 (27.3%) 21 (47.7%)

Lymph nodes removed, n (%) <0.001
Yes 44 (69.8%) 26 (39.4%) 6 (27.3%) 7 (15.9%)

No 19 (30.2%) 40 (60.6%) 16 (72.7%) 37 (84.1%)

Chemotherapy, n (%) <0.001
Yes 2 (3.2%) 20 (30.3%) 11 (50%) 27 (61.4%)

No 61 (96.8%) 46 (69.7%) 11 (50%) 17 (38.6%)

Treatment regimens, n (%) <0.001
No treatment 4 (6.3%) 11(16.7%) 2(9.1%) 4(9.1%)

Surgery alone 57 (90.5%) 35 (53%) 9 (40.9%) 13 (29.5%)

Chemotherapy alone 0 (0%) 17 (25.8%) 4(18.2%) 17 (38.6%)

Surgery plus chemotherapy 2 (3.2%) 3 (4.5%) 7 (31.8%) 10 (22.7%)

sites (P=0.268), tumor size (P=0.797) and histology
(P=0.996). Nonetheless, there was a substantial gen-
der difference in survival rates, with female patients
having superior outcomes (P=0.044). Individuals with
local disease had a longer survival rate than those with
distant illness (P<0.001) (Fig. 1A). Moreover, patients
with low or moderate grade had a better survival than
those with poor or undifferentiated grade (P=0.013)
(Fig. 1B). Histologically, patients with solid pseudopap-
illary tumors had the greatest OS. Regarding therapy,
patients who underwent surgery outlived non-surgery
patients (P<0.001) (Fig. 1C), and patients who received

lymph nodes removed also had better survival (P=0.001)
(Fig. 1D). However, patients who received chemotherapy
had poorer survival than patients who didn’t (P<0.001)
(Fig. 1E). Surgery-based regimens produced the high-
est survival results when compared to other regimens
(Fig. 2).

Prognosis analysis

The results of multivariate analysis using the Cox regres-
sion model are summarized in Table 2. In this model,
multivariate analysis of the entire cohort revealed that
SEER stage and surgery were significant independent
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Fig. 1 Kaplan—-Meier analysis of OS in pediatric pancreatic tumors stratified by the SEER stage, grade, surgery, lymph nodes (LN) removed and chemo-
therapy. (A) Distant vs. Localized and regional, P<0.001. (B) Low and moderately differentiated vs. Poorly and undifferentiated, P=0.013. (C) Surgery vs.
No surgery, P<0.001. (D) LN removed vs. LN not removed, P=0.001. (E) Chemotherapy vs. No chemotherapy, P<0.001
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Fig. 2 Kaplan-Meier analysis of OS in pediatric pancreatic tumors except SPT, when stratified by chemotherapy and surgery. Surgery-based regimens
were associated with significantly improved the 5-y OS rate compared with other treatment regimens (P<0.001)
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Table 2 Survival analyses of overall survival for pediatric and adolescent pancreatic tumors
Characteristics Total(N) Univariate analysis Multivariate analysis
Hazard ratio (95% ClI) P value Hazard ratio (95% Cl) P value
Age at diagnosis 195
> 14-year-old 111 Reference
< 14-year-old 84 0.982 (0.547-1.762) 0.952
Gender 195
Female 128 Reference Reference
Male 67 1.803 (1.016-3.200) 0.044 1.035 (0.559-1.918) 0912
Race 195
Others 49 Reference
White 146 0.951 (0.500-1.809) 0.878
Grade 195
Unknown 129 Reference Reference
Low/moderate (I/II) 55 0.617(0.293-1.301) 0.205 1.275 (0.545-2.981) 0.575
Poor/undifferentiated (lll/1V) Il 2.877 (1.255-6.593) 0.013 1.301 (0.543-3.118) 0.555
Tumor size (cm) 195
<5 38 Reference
>5 37 0.769 (0.244-2.424) 0.654
Unknown 120 1.113 (0.490-2.528) 0.797
SEER stage 195
Localized 95 Reference Reference
Regional 41 3456 (1.010-11.817) 0.048 4.090 (1.134-14.758) 0.031
Distant 59 16.710 (5.944-46.977) <0.001 7.877 (2.675-23.197) <0.001
Surgery 195
Yes 136 Reference Reference
No 59 7.810(4.028-15.141) <0.001 3.005 (1.241-7.274) 0.015
Lymph nodes removed 195
Yes 83 Reference Reference
No 112 3.830(1.701-8.625) 0.001 1.541 (0.620-3.829) 0351
Chemotherapy 195
No 135 Reference Reference
Yes 60 5.592 (2.932-10.665) <0.001 1471 (0.672-3.216) 0.334

predictors of overall survival. The risk of death was
higher for distant disease (hazard ratio (HR) 7.88, 95%
confidence interval (CI), 2.67-23.20; P<0.001) as com-
pared to localized disease. Furthermore, multivariate
analysis demonstrated a substantial level of protection
with surgery (HR 3.0, 95% CI, 1.24-7.27; P=0.015).

Discussion

Pancreatic tumors are rare in children and are inade-
quately reported in the literature [14—15]. Utilizing data
from the SEER database, our study provides a compre-
hensive population-based analysis of pediatric pancreatic
tumors spanning from 1975 to 2018. Predominant histol-
ogies identified in our cohort included neuroendocrine
tumors, accounting for 33.8%, and solid pseudopapillary
tumors, comprising 32.3%. We also found pancreatoblas-
toma was more frequently diagnosed in younger chil-
dren, while solid pseudopapillary tumors predominated
among female patients. In cases of solid pseudopapillary
tumors, the rates of localized stage, surgery, and lymph
node removal were notably higher. In this study, both the

univariate and multivariable analyses revealed that SEER
stage and surgery were statistically significant factors
associated with overall survival.

Although there is evidence that males with solid pseu-
dopapillary neoplasm may have an atypically aggressive
disease [16], this was not proven in the present investiga-
tion. Our study found that patients with solid pseudopap-
illary tumors had the best overall survival for both sexes
(5-year OS was 100%). Furthermore, our study highlights
the significance of tumor stage as a prognostic indicator.
The 5-year survival rate for localized tumors was 95.9%,
while the 5-year survival rate for distant tumors was
45.2%. This study also revealed that gender was a crucial
predictor of survival, with female patients exhibiting a
significantly greater survival rate than male counterparts,
which was consistent with the previous study [17]. How-
ever, given that solid pseudopapillary tumors are known
to have a better biology and a less aggressive clinical
course than other malignant neoplasms, we hypothe-
sized that the significantly higher incidence of this tumor
type in females may account for the significantly better
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survival rates we saw in our series of female patients.
After excluding the solid pseudopapillary tumor from the
survival analysis, we indeed discovered that the differ-
ence in 5-year overall survival between males and females
was no longer significant.

The role of complete surgical resection in the man-
agement of localized, resectable pancreatic tumors is
underscored [18]. The primary tumor and any surround-
ing lymph nodes or tissues that are impacted are to be
removed during surgery. As the current standard of
care, total primary resection and debulking of metastatic
lesions are advised in certain tumor forms (solid pseudo-
papillary tumors, endocrine tumors, pancreatoblastoma)
[19-21]. Consequently, it is not unexpected that patients
who underwent surgery had much higher survival rates.
Surgical resection was linked to longer survival on mul-
tivariate analysis (hazard ratio (HR) 7.88, 95% confidence
interval (CI), 2.67-23.20). However, because of selection
bias, surgery was predominantly performed in situations
of early stage or favorable biology, it is uncertain if sur-
gical intervention or simply being eligible for surgery
is genuinely connected with improved survival. While
patients who have had their lymph nodes removed seem
to have a better prognosis after this treatment, it should
be emphasized that the significantly enhanced survival
may be due to the procedure’s high prevalence in solid
pseudopapillary tumors. In our analysis, chemotherapy
was associated with significantly lower overall survival.
This could be related to the increased use of chemother-
apy in palliative care, as well as patients with advanced
pancreatic tumors being unable to undergo surgery.

This study has some limitations that should be noted.
Firstly, only 30% of the US population was included in
the SEER database, and the database lacks information
on family history or inherited disorders, both of which
are known to increase the risk of pancreatic tumors.
Similarly, the absence of clinical data (such as biomark-
ers or biopsy results) could have aided in explaining the
treatment strategy. Secondly, while information on the
surgical resection recipient was accessible, details on the
degree of surgical resection were not. Finally, there is no
recurrence information in the database, which could have
helped define oncologic outcomes for this patient cohort.
Therefore, further research is warranted to validate our
findings.

In conclusion, pancreatic tumors represent a rare and
diverse subset of neoplastic diseases in children. Neuro-
endocrine tumors were the most common histologic type
while solid pseudopapillary tumors exhibited the most
favorable prognosis. The most important predictors of
survival were the SEER stage and surgery.
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