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Background:Management of children with pancreatic pseudocysts has historically been adopted from the adult
experience where pancreatic pseudocysts greater than 6 cm are unlikely to resolve without intervention. We
reviewed the clinical course of pediatric oncology patients with pancreatic pseudocysts.
Methods:A retrospective review of patients treated over a 15-year periodwas performed. Variables evaluated in-
cluded cancer type,medications administered, clinical and imaging characteristics of the pancreatic pseudocysts,
treatment and outcome.
Results:A total of 132 patientswith amedian age of 13 (IQR, 9–17) yearswere identifiedwith pancreatitis. Thirty-
one (23.5%) patients developed a pancreatic pseudocyst, of which 84% were associated with PEG-asparaginase
treatment. The median pseudocyst size was 7.6 (IQR, 4.4–9.9) cm with 59% being greater than 6 cm. Twenty-

two (71%) patients with a pancreatic pseudocyst underwent successful conservative management, while only
9 (29%) required procedural intervention including six percutaneous drainage, one of whom recurred and re-
quired surgical cyst-enteric drainage. Two other patients had primary surgical cyst-enteric drainage and one pa-
tient underwent endoscopic retrograde cholangiopancreatographywith stenting. The indication for intervention
was worsening pain rather than pseudocyst imaging characteristics, size or serum amylase/lipase.
Conclusion:Most medication-induced pancreatic pseudocysts in children being treated for cancer, regardless of
pseudocyst size, can bemanagednon-operatively orwith transgastric percutaneous drainage. The need for inter-
vention can be safely dictated by patient symptoms.
Level of evidence: III

© 2019 Elsevier Inc. All rights reserved.
Acute pancreatitis is a well-recognized complication in pediatric on-
cology patients that can prolong hospital stay, delay chemotherapy
treatment and sometimes require surgical intervention. Acute pancrea-
titis has been most strongly associated with PEG-asparaginase therapy,
which is part of the backbone treatment regimen for acute lymphoblas-
tic leukemia, the most common malignancy in children [1]. Pancreatic
pseudocysts are an uncommon complication of acute pancreatitis in
children, however, as a result, there is a lack of consensus on the optimal
management of these patients. Traditional interventions, mostly
adopted from the adult literature, include drainage procedures such as
percutaneous external, endoscopic internal and operative internal
drainage [2]. Non-operative management has also been proposed in-
cluding symptomatic pain control, use of somatostatin analogues, and
nutrition support either parenterally or enterally via a nasojejunal
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feeding tube [3]. The general dogma is that pancreatic pseudocysts
greater than 6 cm in size will not resolve without procedural
intervention [2].

Given that the underlying etiology of pancreatic pseudocysts differs
between children with cancer and adult patients for whom consensus
guidelines were developed [4], we hypothesized that effective manage-
ment strategies might be different between these two cohorts of pa-
tients. The aim of the study was to characterize the effective
management of pancreatic pseudocysts in pediatric oncology patients.

1. Methods

1.1. Study design

Following local Institutional Review Board approval and waiver of
informed consent, we performed a retrospective chart review of chil-
dren who were diagnosed with pancreatitis at St. Jude Children's Re-
search Hospital between 2000 and 2015. The diagnosis of pancreatitis
required either a serum amylase or lipase greater than three times nor-
mal (0–91 U/L and 0–60 U/L, respectively) or diagnostic imaging
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Table 1
Patient demographics. PP: pancreatic pseudocyst, IQR, interquartile range, NA: not applicable.

All pancreatitis patients
n = 132

Pancreatitis without PP
n = 101

Pancreatitis with PP
n = 31

p-value

Age, median years (IQR) 13 (9–17) 13 (8–17) 13 (9–16) p = 0.98
Male-to-female (ratio) 79 M: 54 F (1.5:1) 55 M: 46 F (1.2:1) 23 M: 8 F (2.9:1) p = 0.051
Cumulative Asparaginase dose, median (IQR) U/m2 NA 5833 (3475–10,288) 7155 (5492–9628) p = 0.42
Pseudocyst size, median cm (IQR) NA NA 7.6 (4.4–9.9) NA
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consistent with pancreatitis. We considered patients to have a pancre-
atic pseudocyst only if their peripancreatic fluid collection persisted at
least 4 weeks beyond the time of initial diagnosis of pancreatitis. Pan-
creatic pseudocyst size was measured by the largest diameter in centi-
meters. Variables evaluated included cancer type, medications
administered, clinical and imaging characteristics of the pseudocysts,
management approach and outcome. Non-operative management pri-
marily consisted of pancreatic rest with total parenteral nutrition, or
nasojejunal tube feeding, and/or use of somatostatin analogues.

1.2. Statistical analysis

Continuous variables were compared using the two-tailed Student's
t-test. Categorical variableswere compared using the nonparametric chi
square test. A significance threshold of p b 0.05was utilized for all tests.
Statistical analysis was performed using GraphPad Prism version 7.0,
GraphPad Software (La Jolla, CA, USA) and SAS 9.4 (Cary, NC, USA).

2. Results

A total of 132 patientswere diagnosedwith pancreatitis over the 15-
year period. Themedian age at diagnosis of pancreatitis was similar be-
tween the 31 patients with a pancreatic pseudocyst and the other 101
patients without a pseudocyst (Table 1 and Fig. 1). There was a slight
male predilection for developing a pancreatic pseudocyst, but this was
not statistically significant (p= 0.051). The median amylase and lipase
levels at diagnosis for patients with a pancreatic pseudocyst were 277
(IQR, 178–496) units/L and 926 (IQR, 477–1573) units/L, respectively.
These levels were comparable to those of patients without a pancreatic
pseudocyst: 296 (IQR, 139–494) units/L, p = 0.70, and 826 (IQR,
Pancreatitis
n = 132

Pancreatitis without
PP n = 101 (76.5%)

All treated with
conservative
management

Conservative
management�
n = 22 (71.0%)

ERCP with p
duct s

n = 1 (3

Fig. 1. Flow diagram. ERCP: endoscopic retrograde chol
288–1386) units/L, p = 0.81, respectively. There was no significant dif-
ference in the cumulative dose of asparaginase treatment between pa-
tients with or without a pancreatic pseudocyst. The median pancreatic
pseudocyst size was 7.6 (IQR, 4.4–9.9) cm. Table 2 lists the underlying
diagnoses for patients who developed pancreatitis, with or without
pancreatic pseudocysts. Leukemia or lymphoma were the most com-
mon diagnoses in both groups, 80 (79.2%) and 27 (87.1%) patients,
respectively.

The etiologies of pancreatitis in patients without a pancreatic
pseudocyst and the frequencies of each are listed in Table 3, many of
which have been previously reported as causative of pancreatitis [1,
5–20]. The two commonest etiologies for the development of pancreati-
tis in patients without an associated pancreatic pseudocyst were treat-
ment with PEG-asparaginase and gallstone/gallbladder sludge
(Table 3). Of the three iatrogenic causes of pancreatitis, one resulted
after a traumatic upper esophagogastroduodenoscopy causing duode-
nal hematoma, one occurred after a laparoscopic subtotal colectomy
for colonic adenocarcinoma, and the third developed after embolization
of the right hepatic artery for a hepaticmass. Themost common cause of
pancreatitis in patients with a pancreatic pseudocyst was PEG-
asparaginase (83.9%), with other causes listed in Table 4 [1, 7, 21, 22].

The median time to enteral feeding in patients without a pancreatic
pseudocystwas 3 (IQR, 0–8) days. Total parenteral nutritionwas used to
supplement nutrition in 21% of patients without pancreatic pseudocyst
for a median duration of 19 (IQR, 12–31) days. Twenty-two (71.0%) pa-
tients with a pancreatic pseudocyst were successfully treated non-
operatively, which entailed a period of fasting, parenteral or nasojejunal
enteral nutrition, and supportive pain control. The median time to en-
teral feeding in those patients without intervention was 6 (IQR, 4–9)
days, with 43% being supported with total parental nutrition for a
Pancreatitis with PP
n = 31 (23.5%)

ancreatic
tent
.2%)

Percutaneous
external drainage�

n = 6 (19.4%)

Operative
intervention�

n = 2 + 1 (9.7%)

Recurrent PP
n = 1 (16.7%)

angiopancreatography, PP: pancreatic pseudocyst.

Image of Fig. 1


Table 2
Underlying diagnoses of patients with pancreatitis.

Underlying Diagnosis Pancreatitis without
pancreatic pseudocyts
n = 101 (%)

Pancreatitis with
pancreatic pseudocysts
n = 31 (%)

Leukemia or lymphoma 80 (79.2) 27 (87.1)
Solid tumor 14 (6.9) 2 (6.5)
CNS tumor 7 (13.9) 2 (6.5)

Table 3
Underlying etiology of pancreatitis in those patients who did not develop pancreatic
pseudocyst.

Etiology Total number n = 101 (%)

PEG-Asparaginase 33 (32.7)
Gallstone / sludge 10 (9.9)
Steroids 9 (8.9)
6-Mercaptopurine 5 (5.0)
Hypertriglyceridemia 5 (5.0)
Cytarabine 5 (5.0)
Iatrogenic 3 (3.0)
Tacrolimus 2 (2.0)
Pentamidine 2 (2.0)
Methotrexate 2 (2.0)
Sulfamethoxazole/trimethoprim 2 (2.0)
Cisplatin 2 (2.0)
Stavudine 2 (2.0)
Hypercalcemia 2 (2.0)
Mycophenolate mofetil 1 (1.0)
Ribavirin 1 (1.0)
Pancreatic ductal obstruction from mass 1 (1.0)
Crenolanib 1 (1.0)
Amoxicillin/clavulanic acid 1 (1.0)
Fludarabine 1 (1.0)
Cyclophosphamide 1 (1.0)
Pazopinib 1 (1.0)
Retinoid acid 1 (1.0)
Unknown 8 (8.4)
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median duration of 17.5 (IQR, 11–42) days. Somatostatin analogues
were used in 9% of patients with pancreatic pseudocysts. Out of the 32
pancreatic pseudocyst patients, 8 (31.3%) were treated with antibiotics
for febrile neutropenia due to their low absolute neutrophil counts from
their chemotherapy regimen. The median duration of antibiotic treat-
ment was 8 (IQR, 7–10) days (range 1–14 days). However, none of
these episodes of febrile neutropenia were attributed to an infected
pancreatic pseudocyst. None of these patients were found to have nec-
rotizing pancreatitis or infected pancreatic necrosis.

Nine (29.0%) patients required intervention for symptoms. Themain
symptom that led to intervention was intractable nausea and/or
vomiting. The median duration of symptoms prior to intervention was
24 (IQR, 6–46) days. Six patients underwent percutaneous external
drainage for a median duration of 9 (IQR, 9–51) days, of which five
had a transgastric percutaneous drainage approach and one had a per-
cutaneous extra-gastric approach because the stomach was displaced
too far medially, precluding a safe transgastric approach. One of the pa-
tients who initially underwent transgastric percutaneous external
Table 4
Underlying etiology of pancreatitis in patients with pancreatic pseudocyst. *One patient
had advanced pancreatic ductal adenocarcinoma and another patient had advanced trans-
verse colon adenocarcinoma invading the pancreas.

Etiology Total number n = 31 (%)

PEG-Asparaginase 26 (83.9)
Pancreatic ductal obstruction secondary to mass* 2 (6.5)
Erlotinib 1 (3.2)
Valproic acid 1 (3.2)
Steroids 1 (3.2)
drainage for a period of 3 months, had a symptomatic recurrence of the
pseudocyst 9 months later, and subsequently underwent a laparoscopic
transgastric cyst-gastrostomy. Two patients failed conservative, non-
operativemanagement secondary tohemorrhagic pancreatitis necessitat-
ing an exploratory laparotomy with Roux-en-Y cyst-jejunostomy. They
were discharged 10 and 11 days following surgery, respectively. One pa-
tient underwent endoscopic retrograde cholangiopancreatography with
pancreatic duct stent placement, which was removed 50 days later
(96 days after diagnosis) after resolution of the pancreatic pseudocyst
(Fig. 1). The two patients with CT-confirmed hemorrhagic pancreatitis
had a shorter duration of non-operative management prior to interven-
tion due to significant symptoms of abdominal pain and intractable
vomiting. The median delay of resumption of chemotherapy treatment
in relation to the development of a pancreatic pseudocyst was 6.5 (IQR,
0–12.3) days. Twenty-nine percent of chemotherapy delays in patients
with a pancreatic pseudocyst were related to other complications of can-
cer treatment including neutropenic enterocolitis, Clostridium difficile in-
fection, pulmonary aspergillosis, or awaiting methotrexate levels to
normalize.

Of the 22 patients with pancreatic pseudocysts who were managed
conservatively (Fig. 1), complete radiologic resolution was documented
in 17 (73.9%) patientswith amedian duration to last documented imag-
ing of 99 (IQR 48–253) days. The remaining patients were asymptom-
atic, and no further imaging or intervention was undertaken from the
last documented pancreatic pseudocyst.

3. Discussion

We have shown that a conservative approach was successful in the
management of pancreatic pseudocysts in 22 (71.0%) of 31 patients
whose median pancreatic pseudocyst size was 7.6 (IQR, 4.4–9.9) cm
(Fig. 1). Furthermore, of the six patients who had a minimally invasive
percutaneous external drain, only one (16.7%) had a pancreatic
pseudocyst recurrence 9 months later, requiring a laparoscopic
transgastric cyst-gastrostomy (Fig. 1) [3, 23]. In contrast, in a large
adult series of 893 patients with pancreatic pseudocysts, procedural in-
tervention was performed in 810 (91%) patients with a pancreatic
pseudocyst diameter greater than 5 cm [2]. Of the 810 adult patients
who underwent an intervention, 13 (1.5%) had percutaneous drainage,
46 (5.7%) had pancreatic resection, 341 (42.1%) underwent internal sur-
gical drainage, and 410 (50.6%) underwent endoscopic drainage [2].
Percutaneous drainage is not generally employed in adult patients due
to a high complication rate of up to 30% with the frequent need for sur-
gical intervention and a failure rate of 16% [2].

While infrequently required in the pediatric cancer population, the
surgical management of pancreatic pseudocysts can be accomplished
with minimally invasive laparoscopic techniques, using either a
transgastric or intragastric approach [24]. Three patients in our series
required surgical intervention because of persistent symptoms despite
nonoperative management or percutaneous drainage.

Despite the primarily conservative treatment strategy employed in
this series, we did not find significant delays in resumption of chemo-
therapy associated with pancreatic pseudocysts. The median delay in
resumption of chemotherapy related to pancreatic pseudocysts was
6.5 (IQR, 0–12.3) days. Unresolving nausea and vomiting were the
main symptoms that prompted interventional or surgical procedures
in 9 patients (29%) in this series. Since we did not identify prolonged
treatment delays associatedwith pancreatic pseudocysts, we do not be-
lieve that earlier procedural intervention would result in shorter delay
of chemotherapy.

We have consistently reserved operative drainage for cases that
have failed non-operative management in this series over a 15-year pe-
riod, and therefore there has not been a bias based on year of diagnosis
for choosing percutaneous drainage versus non-operative management
or operative enteric drainage. The only two patients in the series that
developed hemorrhagic pancreatic pseudocyst occurred in 2011 and
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2013. Both necessitated operative drainage since they had significant
symptoms. The third patient that required operative intervention had
an initial percutaneous drainage procedure in 2015. During the 2-year
follow-up, this patient developed a recurrence and underwent laparo-
scopic cystgastrostomy. Therefore, we recommend that surgical inter-
vention should be based on patient symptoms rather than the size of
the pancreatic pseudocyst in the pediatric cancer population.

There were no radiographic signs of infection in any patient and no
pancreatic aspirate cultures were obtained in this series to assess for
bacterial infection of the pancreatic pseudocyst. Only 8 (31.3%) patients
in the pancreatic pseudocyst group were treated with antibiotics for fe-
brile neutropenia secondary to chemotherapy, with a median duration
of treatment of 8 (IQR, 7–10) days.

We did not find any difference in the mode of presentation be-
tween the pancreatic pseudocyst and non-pseudocyst patient
groups. Both groups initially presented with nausea and abdominal
pain which led to laboratory confirmation of pancreatitis followed
by imaging. The cumulative doses of PEG-asparaginase and the
peak amylase and lipase levels between both groups were not signif-
icantly different.

Another approach to treating pancreatic pseudocysts is using endo-
scopic procedures through a transpapillary or cystenteric drainage.
These techniques generally employ stents to optimize evacuation of
the cyst. However, the failure rate has been reported as high as 23% in
a recent adult series [25]. The pediatric literature on these techniques
is limited by small case numbers with mixed results [24]. Saluja et al.
[26] found no significant difference in the overall complication rate or
duration of hospital stay between patients treated with endoscopic
cyst-gastrostomy and thosewith surgical cyst-gastrostomy for theman-
agement of pancreatic pseudocysts. However, the surgical approach had
a statistically better drainage rate as compared to the endoscopic drain-
age group. This is in contrast to the large adult pancreatic pseudocyst se-
ries of Pan et al. [2] where they found no difference in pancreatic
pseudocyst resolution between the surgical and endoscopic groups
[2]. However, both groups recommended endoscopic intervention as a
first choice in the appropriate clinical setting.

In a Cochrane review of pancreatic pseudocyst management in
adults, four randomized controlled trials examining 176 patients who
were randomized to endoscopic ultrasound (EUS)-guided drainage, en-
doscopic drainage, EUS-guided drainage with nasocystic drainage and
open surgical drainage were reviewed; only low-quality evidence was
found to suggest one intervention over the other with optimal decisions
needing to be made on case by case basis [27].

The most common causes of pancreatitis in adults are alcohol and
biliary tract disease [2, 28]. In our series, the most common underlying
diagnosis of patients with pancreatitis in children with cancer is leuke-
mia or lymphoma, and the commonest instigating factor was PEG-
asparaginase treatment, occurring in 59 out of 132 (44.7%) patients
with pancreatitis. Asparaginase is a key chemotherapeutic drug that is
used for remission induction and consolidation therapy for leukemia
and non-Hodgkin lymphoma. Risk factors associated with PEG-
asparaginase-induced pancreatitis include Native American ancestry,
older age, and higher cumulative dose (N240,000 U/m2). Furthermore,
those who inherit a rare nonsense variant in carboxypeptidase A2 are
at markedly increased risk of asparaginase-induced pancreatitis [1]. In
our series age, cumulative dose of asparaginase treatment, and the de-
gree of amylase or lipase elevation were not significantly different be-
tween patients who did or did not develop a pancreatic pseudocyst
(Table 1). There are three forms of asparaginase preparations that are
available; the native asparaginase derived from Escherichia coli (E. coli-
asparaginase), a pegylated form of this enzyme (PEG-asparaginase)
and a product isolated from Erwinia chrysanthemi, i.e. Erwinia
asparaginase [29]. The vast majority of patients in this series received
PEG-asparaginase. In the early part of the study, three out of 59 patients
that received PEG were switched to Erwinia in the thought that it
caused less severe pancreatitis.
A limitation of this study is that it is retrospective in nature with a
small sample size and was not designed to determine the success rate
of any specific procedural interventions. However, we believe that this
series provides a reasonably unique perspective on managing pancre-
atic pseudocysts, especially PEG-asparaginase-induced pancreatic
pseudocysts, specifically looking at pediatric oncology patients. Sur-
geons often face a clinical predicament of when to surgically intervene
when consulted on a patient with pancreatic pseudocyst. We believe
this series will provide clinicians and surgeons some guidance on their
management.

4. Conclusions

Most drug-induced pancreatic pseudocysts in children being treated
for cancer, regardless of pseudocyst size, can be safely managed
nonoperatively or with minimally invasive procedures, with little mor-
bidity. The need for intervention can be safely dictated by patient symp-
toms. Thus, serial imaging with computed tomography can be
minimized to avoid unnecessary radiation exposure.
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