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Abstract
Asparaginase, a critical component of current pediatric acute leukemia treatment protocols, is associated with a number of
serious side effects, one of which is pancreatitis. Pancreatitis can result in significant morbidity and mortality from necrosis,
pseudocyst formation, hemorrhage, systemic inflammation, intestinal perforation and sepsis. Another rare complication of
pancreatitis is posterior reversible encephalopathy syndrome (PRES), likely mediated by systemic inflammation secondary to
pancreatic autodigestion and pro-inflammatory cytokine-mediated vascular endothelial damage. Here we review this association
in the literature and report two pediatric patients with leukemia who developed PRES secondary to asparaginase-associated
pancreatitis.

Introduction:
Improved survival of pediatric acute lymphoblastic leukemia (ALL) is partially attributed to therapy intensification with the addition of asparaginase to multi-agent chemotherapy backbones in the late 1960’s (1-4).
Asparaginase depletes serum asparagine through deamination into aspartic acid and ammonia resulting in
leukemic cell death through inhibition of protein synthesis (5). There are four commercially available formulations of asparaginase: native Escherichia coli L-Asparaginase, polyethylene glycol (PEG)-Asparaginase, Erwiniaasparaginase, and calaspargase pegol-mknl (6, 7). The major side effects of asparaginase preparations
include allergic reactions, hypercoagulability, liver dysfunction and pancreatitis. Asparaginase-associated
pancreatitis is seen in 8% of children and young adults treated on current ALL protocols (8). Most cases
resolve with supportive treatment; however, severe complications including necrosis, pseudocyst formation,
hemorrhage, systemic inflammatory response syndrome (SIRS), sepsis, and intestinal perforation are associated with significant morbidity and mortality (8-10). In the adult literature, posterior reversible encephalopathy syndrome (PRES) has also been described as a complication of pancreatitis. PRES is a rare
condition of the central nervous system characterized by acute neurological changes including headache,
altered mental status, seizures, vision changes, and is associated with specific magnetic resonance imaging
(MRI) abnormalities typically in the posterior cerebral gray and white matter reflecting vasogenic edema
(11). PRES resolves with supportive care and removal of the causative agent. While hypertension, sepsis,
immunosuppressive agents, and cytotoxic drugs are known risk factors for the development of PRES (11,
12), it has not yet been associated with asparaginase-associated pancreatitis. Here we report two pediatric
patients with acute leukemia who developed PRES in the setting of asparaginase-associated pancreatitis
during induction therapy.
Case Presentations:
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Patient 1: A 13-year-old Hispanic male with mixed phenotype acute lymphoblastic leukemia (MPAL) receiving induction therapy with prednisone, vincristine, pegaspargase, and daunorubicin was admitted on day
20 with grade 3 pancreatitis associated with 30% pancreatic gland necrosis on CT imaging and peak lipase
of 7,290 U/L. One week after admission, he developed acute bilateral visual loss followed by a generalized
tonic clonic seizure. Labs were notable for hyponatremia (131 meq/L), hypochloridemia (90 mmol/L), and
hyperglycemia (322 mg/dL). Systolic blood pressures (SBPs) preceding the event ranged from 110-130s.
Brain MRI demonstrated vasogenic edema in bilateral parietal-occipital lobes compatible with PRES (Figure 1). He returned to his neurologic baseline, did not have repeat seizures after initiation of maintenance
levetiracetam and was discharged after a three week hospitalization. He was minimal residual disease (MRD)
negative at the end of induction and continued treatment per AALL1131 (NCT02883049), currently in maintenance cycle 4. Asparaginase was omitted from subsequent therapy; however, he developed recurrent, grade
3 pancreatitis in maintenance cycle 1, day 38 attributed to the combination of underlying pancreatic damage,
steroids and 6-mercaptopurine.
Patient 2: A 9-year-old African American female with NCI-standard risk B-ALL receiving induction therapy
with dexamethasone, vincristine, and pegaspargase was admitted in shock on day 29 secondary to grade 4
pancreatitis associated with 75% pancreatic necrosis and large abdominal ascites on CT imaging and peak
lipase of 3,984 U/L. One week after admission, she had a complex partial seizure. Her electrolytes were
within normal ranges and SBPs preceding the event ranged from 110-130s. Brain MRI demonstrated abnormal signal involving the frontal, parietal, temporal and occipital regions with subcortical vasogenic edema
consistent with PRES (Figure 1). She continued to have sub-clinical seizures despite multiple anti-epileptic
drugs (AEDs) which ultimately resolved with a versed drip. Her course was complicated by endocrine and
exocrine pancreatic insufficiency requiring insulin and pancreatic enzyme replacement, hypertriglyceridemia,
and multiple pancreatic pseudocysts (largest measuring 13 x 12 x 16 cm) necessitating cyst-gastrostomy tube
placement, and multiple GI hemorrhages with hemodynamic instability which ultimately required splenic
artery embolization and temporary stent placement. She was discharged after a two month hospitalization
and slowly returned to her cognitive baseline. She was MRD negative at the end of induction and has continued treatment per AALL0932 (NCT01190930), currently in cycle 1 of maintenance therapy. Asparaginase
was omitted from subsequent therapy and she has not had recurrent pancreatitis.
Discussion:
While asparaginase is an essential chemotherapeutic agent used in the treatment of pediatric ALL, it carries the risk for severe side effects including pancreatitis which is associated with a 2% overall mortality
rate (13). In general, acute pancreatitis results from activation of trypsin which leads to pancreatic autodigestion (14). Although the pathophysiology behind asparaginase-associated pancreatitis is not fully
understood, it may be related to hypertriglyceridemia which is a known risk factor for the development of
pancreatitis (15) and one of the common side effects of asparaginase (16, 17), especially in patients receiving
concomitant steroids (9, 18). Hydrolysis of triglycerides by pancreatic lipase causes release of fatty acids
that result in acinar cell injury, activation of trypsinogen, and ultimately, pancreatitis (9, 17). Risk factors
for developing asparaginase-associated pancreatitis include older age, higher cumulative asparaginase dose,
hypertriglyceridemia, and concomitant chemotherapeutic medications such as steroids, 6-mercaptopurine
and anthracyclines (8, 9, 19). Additionally, genome wide association studies have identified multiple genetic
polymorphisms associated with pancreatitis in children with ALL including RGS6 , ULK2, CPA2, PRSS1
(10, 19, 20)
PRES is an underappreciated complication of pancreatitis. In the adult literature, there are case reports
of PRES in the setting of pancreatitis, though the etiology of pancreatitis differs and includes: alcoholism,
gallstones, pregnancy, biliary manipulation, malignancy and acute intermittent porphyria (Table 1) (12,
21-32). Three cases are reported in the pediatric literature, none of which are related to asparaginase (Table
1) (33-35). A summary of all reported cases of PRES and pancreatitis are detailed in Table 1.
The pathophysiology of PRES is not fully understood but is related to disordered cerebral autoregulation and
endothelial dysfunction, previously attributed to acute rise in blood pressure (34, 36). It is now recognized
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that direct endothelial activation and dysfunction are the common pathway shared by all clinical conditions
resulting in PRES (34, 37, 38). This endothelial damage can be caused directly by immunosuppressant
and cytotoxic drugs, steroids, voriconazole, sepsis, autoimmune diseases or by abrupt rise in blood pressure
which exceeds the threshold of cerebral blood flow autoregulation and results in altered perfusion, blood–
brain barrier disruption, and vasogenic edema (34, 37, 39-41). Pancreatic irritation can also lead to vascular
endothelial damage through overwhelming systemic production of pro-inflammatory cytokines such as tumor
necrosis factor-α (TNF-α), interleukin-1β (IL-1β) and interleukin-6 (IL-6) (42-44). These cytokines activate
the vascular endothelium resulting in leakage of the capillary veins, migration and activation of leukocytes
into tissues, and release of proteolytic enzymes and oxygen radicals that further damage vascular endothelial
cells (45, 46). Additionally, there are in vitro data suggesting antithrombin III (ATIII) has a role in reversing
TNF-mediated endothelial cell permeability (47) and that reduction in ATIII, a common side effect of
asparaginase therapy, may further contribute to endothelial injury and increased permeability in the setting
of systemic inflammation.
Conclusion:
Our experience and review of the literature reveals that pancreatitis, a side effect of asparaginase chemotherapy, may contribute to the development of PRES through pro-inflammatory cytokine-mediated vascular endothelial damage, though further research is needed to better understand the pathophysiology. It is helpful to
be aware of the association between asparaginase-associated pancreatitis and PRES and may be prudent to
correct electrolyte derangements, maintain age appropriate blood pressures, and be cognizant of concomitant
medications in an effort to mitigate this risk.
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Legends:
Table 1: Reported cases of simultaneous pancreatitis and PRES in the pediatric and adult literature
Figure 1: MRI at seizure onset for Patient 1 (A) showing vasogenic edema in the bilateral parieto-occipital
lobes and along the margins of the superior frontal gyri, and for Patient 2 (B) showing vasogenic edema
in the frontal, parietal, temporal and occipital cortices. The abnormal signal enhancement and pattern of
distribution in both of these images are consistent with a diagnosis of PRES.
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Figure 1: MRI at seizure onset for Patient 1 (A) showing vasogenic edema in the bilateral parieto-occipital lobes and along the
margins of the superior frontal gyri, and for Patient 2 (B) showing vasogenic edema in the frontal, parietal, temporal and
occipital cortices. The abnormal signal enhancement and pattern of distribution in both of these images are consistent with
a diagnosis of PRES.
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