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Abstract

L-asparaginase (L-Aspa) is utilized as a part of the therapy in children with 
acute lymphoblastic leukemia (ALL), achieving remission in 83–95% of the younger 
patients. Hypersensitivity reactions, as well as liver and pancreatic cytotoxicity, are 
severe documented side effects. L-Aspa-induced acute pancreatitis (AP) has been 
observed in 2.5–16% of treated patients. Patients with mild pancreatitis may be 
retreated with L-Aspa if they have no clinical symptoms within 48 hours, amylase and 
lipase levels are less than three times the normal’s upper limit, and there is no evidence 
of pseudocysts or necrosis on imaging. It is crucial to monitor patients under L-Aspa 
therapy, through careful observation of clinical signs and laboratory follow-up, as 
well as a continuous checkup for associated medications.
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1. Introduction

L-Asparaginase (L-Aspa) is a keystone therapy of acute lymphoblastic leukemia 
(ALL) [1]. Its mechanism of action is complex, depleting the body of the non-essen-
tial amino acid asparagine through deamidation of asparagine into aspartic acid and 
ammonia [2]. The proportion of cured patients under L-Aspa increases by targeting 
malignant lymphoblasts, which lost the ability to asparagine synthesis [3, 4]. In fact, 
asparaginase therapy leads to the complete depletion of serum asparagine concen-
trations, depriving leukemic blasts of this amino acid, resulting in reduced protein 
synthesis and ultimately leukemic cell death [5]. L-Aspa is administered in combina-
tion with other anti-neoplastic drugs intramuscularly or intravenously. However, with 
a high incidence of cumulative dose of asparaginase ranging from 2 to 10%, L-Aspa-
associated pancreatitis is the main cause of substantial morbidity in patients receiving 
this drug [6]. Despite low mortality, asparaginase-associated pancreatitis (AAP) 
often results in a switch of asparaginase therapy, which might be associated with an 
increased risk of leukemia relapse [3, 4].
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This review explores the definition, treatment, complications, and possible risk 
factors for AAP in children.

2. L-Asparaginase (L-Aspa)

2.1 Mechanism of action

Asparagine is a non-essential amino acid, provided from food or produced 
by asparagine synthetase (ASNS). Normal cells may manufacture L-asparagine 
for growth using the transaminase enzyme, which converts oxaloacetate into the 
intermediate aspartate, which then transfers an amino group from glutamate to 
oxaloacetate, producing ketoglutarate and aspartate. Finally, the enzyme asparagine 
synthetase transforms aspartate to asparagine in healthy cells [7].

ASNS is very low expressed or even absent in ALL cells, rendering them reli-
ant on extracellular asparagine for growth and survival, L-Aspa lowers plasma 
asparagine concentrations by catalyzing asparagine deamination into aspartic acid 
and ammonia [2]. Asparaginase therapy results in the entire depletion of blood 
asparagine concentrations, depriving leukemic blasts of this amino acid, resulting in 
decreased protein synthesis and, eventually, leukemic cell death at optimal enzyme 
activity levels [5].

Circulating asparagine concentrations range between 40 and 80 μm in normal 
physiological conditions [8]. Researchers defined complete asparagine depletion as 
less than 0.1–0.2 μm based on the limit of detection of the high-performance liquid 
chromatography assay used [8, 9]. However, the critical level of serum asparagine 
depletion for in vivo leukemic cell death is unknown.

2.2 Asparaginase formulations

Three distinct formulations of L-Aspa are available. The native-Asparaginase 
modified pegylated version (PEG-Asparaginase), are both generated from 
Escherichia coli (E. coli). The third is Erwinase, which is derived from Erwinia 
Chrysanthemi. The three formulations vary in terms of pharmacokinetics, phar-
macodynamics, and immunogenic propreties [10, 11]. The glutamine pharmaco-
kinetics differs in these current formulations. While both Erwinia Chrysanthemi 
and E. coli–derived asparaginase formulations show similar binding affinities 
for glutamine, the maximal conversion rate at saturation is greater with Erwinia 
Chrysanthemi [12, 13].

First-line treatment in ALL was based on native E. coli asparaginase. However, in 
the United States, this formulation was replaced with PEG-asparaginase [5].

Erwinia asparaginase, which is produced from a distinct bacterial origin, has a 
unique immunogenic profile, with no cross-reactivity with native E. coli asparaginase 
or PEG-asparaginase [14]. Consequently, Erwinia asparaginase is indicated as a 
component of a multiagent chemotherapy regimen in patients with ALL and a history 
of hypersensitivity to E. coli-derived asparaginases [5].

Intravenously or intramuscularly routes are possible for the three asparaginase 
formulations. However, the intramuscular route is associated with lower plasma peak 
values, local bleeding in cases of thrombocytopenia, and local pain, which can be 
alleviated by co-administration of lidocaine [15]. However, intramuscular injections 
have the advantage to reduce the risk of anaphylactic reactions [16].
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2.3 L-Asparaginase side effects

L-Aspa-induced adverse effects may be minor or severe and fatal. Some common 
adverse effects are related to the L-glutaminase coactivity including a decrease in the 
production of various essential proteins such as albumin, insulin, fibrinogen, and 
protein-C [17]. So, L-Aspa may induce fever, hepatic dysfunction, hyperglycemia and 
diabetes, leucopenia, pancreatitis, neurological convulsions, and coagulation abnor-
malities such as thrombosis and hemorrhage [17].

Hypersensitivity life-threatening reactions may occur on asparaginase-based 
medications, causing edema, skin eruption, serum sickness, bronchospasm, urticaria, 
and anaphylactic shock [17].

3. Asparaginase-associated pancreatitis (AAP)

3.1 Definition

AAP is defined as acute pancreatitis occurring in patients receiving L-Aspa treatment 
at the time of onset of symptoms [18]. Pancreatitis is defined as the histological presence 
of inflammation within the pancreatic parenchyma. Acute pancreatitis is a reversible 
process characterized by the presence of interstitial edema, infiltration by acute inflam-
matory cells, and varying degrees of apoptosis, necrosis, and hemorrhage [19].

In various clinical trials, pancreatitis has been reported in 2–18% of patients 
undergoing L-Aspa therapy for ALL, with grade 3/4 pancreatitis occurring in 5–10% 
of patients [20, 21].

3.2 Pathophysiology

The exact pathogenesis of AAP is still unclear, but it may be related to the reduction 
in protein synthesis resulting from asparaginase-induced depletion of asparagine [18, 21].

Moreover, genetic predispositions are likely to play an important role. AAP occurs 
even after one or a few administrations of the drug with a high likelihood of recur-
rence upon re-exposure [21].

3.3 Diagnosis

Diagnosis of pancreatitis is based on a combination of clinical, biological (amy-
lase, lipase), and radiological evidence.

3.3.1 Clinical presentation

In children, abdominal pain has many characteristics but is still the most common 
symptom of acute pancreatitis, occurring in 87% of cases. Abdominal pain in acute 
pancreatitis is of acute onset, especially in the epigastric region accompanied by 
nausea and vomiting [22].

3.3.2 Biochemical markers

Generally, amylasemia and lipasemia exceeding three times the upper normal 
level confirm the diagnosis. In pediatric patients, the simultaneous elevation of both 
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pancreatic enzymes increases the sensitivity of the test to 94%. Thus, the analysis of 
both enzymes is recommended, especially in very young children [23].

3.3.3 Imaging methods

Imaging methods in AAP are based on ultrasonography and computerized tomog-
raphy (CT). The main sonographic signs are increased pancreatic size and decreased 
pancreatic echogenicity. While, in mild cases, a normal gland can be observed, 
increased pancreatic size and decreased echogenicity may be reported in severe cases 
[24, 25]. When performed days or weeks after the onset of AAP, contrast-enhanced 
CT is used to identify pancreatic necrosis. Concerning the usage of magnetic reso-
nance imaging (MRI), there are currently no recommendations.

Adult studies demonstrate that MRI provides roughly the same information as CT, 
although the evidence in children is limited [26].

3.3.4 Diagnostic criteria

In a child presenting with abdominal pain during cancer treatment, acute pan-
creatitis should always be considered and ruled out. The diagnosis of AP requires at 
least 2 of 3 criteria according to the INSPPIRE Project (International Study Group of 
Pediatric Pancreatitis: In Search for a Cure) [27]:

a. Abdominal pain caused by AP is frequently of sudden onset, especially in the 
epigastric region, and may radiate to the shoulder, accompanied by nausea or 
vomiting.

b. Serum amylase and/or lipase activity at least three times higher than normal  
(in international units/liter).

c. Imaging findings suggestive of AP (e.g., transabdominal ultrasonography, 
contrast-enhanced computerized tomography).

4. Early assessment of severity of APP

AAP is usually mild, not life-threatening, and responds favorably to intensive 
medical treatment. Several scores have been developed to assess the severity of AP. 
(For example, Ranson, Balthazar, SOFA, APACHE II, and Marshall scores). Outside 
of clinical trials, none of these indicators are commonly used in clinical practice [28].

The Harmless Acute Pancreatitis Score (HAPS) is a German-developed score that 
may reliably identify mild types of pancreatitis at the time of admission [29].

This score was created by combining three parameters that best predicted a 
non-severe course (no signs of peritonitis (rebound tenderness, guarding), normal 
hematocrit level, and normal serum creatinine level ≤ 2 mg/dl).

To identify patients at high risk of severe pancreatitis, the Bedside Index for Severity 
in Acute Pancreatitis (BISAP) score can be used [30]. This score has five parameters:

B unconjugated Bilirubin level > 25 mg/dl.
I Impaired mental status (Glasgow Coma Scale score < 15).
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S Development of systemic inflammatory response syndrome (SIRS).
A Age > 60 years.
P Presence of pleural effusion.

With an 83% sensitivity, a BISAP score of three or above can indicate a severe 
course of AP.

The Pancreatitis Activity Scoring System (PASS) recently expanded its severity 
criteria to include organ failure, pain, intolerance to a solid diet, systemic inflamma-
tory response syndrome, and morphine equivalent dosage by relative weight [31].

However, these grading methods have not been verified in the pediatric popula-
tion. On admission, different clinical and laboratory criteria may suggest moderate 
or severe AP, although variable threshold levels frequently complicate matters. 
However, in children, a high C-reactive protein (>150 mg/l), hypocalcemia, an 
elevated hematocrit, or hyperglycemia are more likely to suggest a severe course of 
pancreatitis [32].

According to the 2012 Atlanta criteria, pancreatitis is classified as mild, moderate, 
or severe [33]. Mild acute pancreatitis was defined by the absence of organ failure 
and local complications. Moderately severe acute pancreatitis was defined by local 
complications and/or transitory organ failure (<48 h) and severe acute pancreatitis 
was defined by persistent organ failure >48 h. Organ failure often includes respira-
tory, renal, or cardiovascular failure, requiring admission to an intermediate or 
intensive care unit. The revised Atlanta criteria are widely used by pediatricians in the 
classification of pancreatitis severity although not validated in this population. Until 
a consensus on the classification of AAP is reached among pediatric oncologists, we 
recommend that the Atlanta criteria are applied. L-Asparaginase is among the most 
trigger causes of severe acute pancreatitis [34].

5. Risk factors for AAP

5.1 Genetic predisposition

Genetic predisposition is suggested to play an important role in the occurrence 
of AAP. Although nucleotide sequence variants in several genes (e.g., CFTR, CTRC, 
PRSS1, and PRSS2) have been associated with the risk of pancreatitis in general [35], 
no specific genetic polymorphisms have been associated with AAP.

In 2016, Liu et al. identified a nonsense variant of the CPA2 gene, which encodes 
carboxypeptidase A2, associated with a higher predisposition risk of AAP [36].

5.2 Age

Higher age is associated with a higher risk of AAP. When compared to younger 
children, children above the age of 10 at the time of diagnosis had an increased risk of 
developing AAP [37].

5.3 Severe hypertriglyceridemia

In the presence of severe hypertriglyceridemia (i.e., levels above 11.3 mmol/l), 
the risk of acute pancreatitis is increased even in patients not receiving L-Aspa [38]. 
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Hypertriglyceridemia is frequently observed in patients treated with L-Aspa, espe-
cially when given in combination with steroids [39].

5.4 Formulations of L-asparaginase

Alvarez and Zimmerman investigated the prevalence of pancreatitis in patients 
given different formulations of L-Aspa: PEG-asparaginase versus L-Aspa. The authors 
reported that the PEG asparaginase group had a statistically significant increase in 
pancreatitis when compared to the control group. (18% PEG-asparaginase vs. 1.9% 
L-Aspa, p = 0.007) [40]. This effect was explained by a longer half-life of PEG-
asparaginase resulting in prolonged asparagine depletion.

In contrast, other studies have found no difference in pancreatitis frequency 
between PEG-asparaginase and L-Aspa patients [41, 42].

5.5 ALL risk stratification and L-Aspa dosing

In two studies, patients in the high-risk ALL stratification group had a higher 
incidence of AAP, receiving the highest doses of asparaginase [21, 43]. In Raja and 
colleagues’ study, the high-risk stratification group received lower doses of asparagi-
nase and had a lower rate of AAP [20]. These findings suggest that a higher cumula-
tive dose of asparaginase may be associated with a higher incidence of AAP.

6. Treatment

Actually, there is no pharmacological treatment for acute pancreatitis whether it 
is primary or secondary. The therapeutic approach of AAP is identical to that of the 
pancreatitis of other etiologies. Treatment of AAP is primarily supportive and aims to 
reduce symptoms and monitor potential complications after immediate discontinua-
tion of L-Aspa [21, 40, 44].

Patients with acute pancreatitis should be clinically examined for symptoms of 
organ failure to be appropriately treated immediately.

6.1 Fluid resuscitation

Circulatory anomalies are frequent in patients with severe sepsis or septic shock 
and must be managed in an intensive care unit. Early administration of adequate 
fluid resuscitation to avoid hypovolemia and organ hypoperfusion is a major pillar of 
management [45].

Numerous studies have investigated the type and amount of intravenous fluid 
resuscitation in severe AP. Keystones in fluid resuscitation are the followings:

a. Appropriate intravenous fluid resuscitation should be done within the first 
24–48 hours; postponed or deficient fluids decrease the survival rate [45, 46].

b. High-volume fluid treatment (1000 mL/h) may increase the mortality rate and 
should be prevented [47].

c. Ringer’s lactate is the optimum fluid to use. During the first 24 hours, the infu-
sion rate should be assessed on a frequent basis and adjusted based on urine 
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excretion (target: 0.5–1 mL/kg/h) and vital parameters. The recommended infu-
sion rate is 250–500 ml/h unless there are cardiovascular, renal, or other related 
comorbidities [48, 49].

Goal-directed therapy typically focuses on heart rate, mean arterial pressure, central 
venous pressure, urine output, blood urea nitrogen concentration, and hematocrit [2].

6.2 Analgesia

Opioid (e.g., pethidine) and non-opioid (e.g., metamizole) analgesics are 
indicated. In fact, pain is a distress condition that must be managed with adequate 
intravenous analgesia. If intravenous analgesia fails to provide sufficient relief or 
enhances bowel paralysis, the use of thoracic epidural analgesia may be considered. 
This pain-relieving technique was associated with improved survival in a multicenter 
retrospective trial [50]. A recent study showed a beneficial trend but no significant 
improvement in organ dysfunction or mortality upon thoracic epidural analgesia [51].

6.3 Enteral feeding

Based on several randomized clinical trials of non-asparaginase-related pancreatitis 
in adults, early enteral feeding seems to reduce the incidence of complications [44, 52]. 
Nutrition most likely protects the mucosal barrier and reduces bacterial translocation 
in the gut, decreasing the risk of infection and necrosis [52]. This is contrary to earlier 
beliefs. However, studies on children are lacking.

6.4 Prophylactic antibiotics/protease inhibitors

There is no clear evidence of the benefits of routine use of antibiotics in the early 
course of severe acute pancreatitis [53]. A recent study including more than 800 
patients showed that antibiotic prophylaxis in patients with severe AP may lead to 
the development of invasive candidiasis of the pancreas [54]. Further studies must 
clarify the benefice of antimicrobial prophylaxis in certain subgroups of severe AP. 
Intravenous antibiotics are recommended in the case of cholangitis or other local 
infections, for example, infected walled-off necrosis.

More rarely applied treatments in case of severe pancreatitis are the administra-
tion of the synthetic somatostatin analog Octreotide or continuous regional arte-
rial infusion of protease inhibitors and antibiotics [55, 56]. In fact, Somatostatin 
(Octreotide) inhibits secretions of the pancreatic digestive enzymes leading to a 
decrease in pancreatic inflammation [55].

There are no large studies of Octreotide treatment in children with AAP or other 
children with AP. In addition, there is no consensus on doses, duration, and the pat-
tern of side effects. In the case reports, patients were treated with doses that ranged 
from 2.5 to 7.2 μg/kg per day [56].

Continuous regional arterial infusion of protease inhibitors and antibiotics are 
shown to be effective in preventing complications and in reducing mortality rates in 
severe acute pancreatitis in a large adult trial [57].

Pediatric data is still insufficient. Five pediatric patients with severe AAP were treated 
with continuous regional arterial infusion within 48 hours of diagnosis in one trial 
[58]. After 22 days, all five patients had satisfactory clinical results and could continue 
chemotherapy, despite the fact that none received further L-Aspa treatment [58].
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7. Complications of AAP

Acute severe complications following AP include systemic inflammatory response 
syndrome and multiorgan failure affecting most frequently lungs and kidneys. 
Patients may develop pleural effusions, toxic pneumonia, acute respiratory distress 
syndrome, and renal failure [59].

7.1 Short-term complications

Short-term complications, usually appearing after the first week, include the 
development of life-threatening systemic inflammatory response syndrome and 
multiorgan failure. Other complications include necrosis and infection [18].

Pseudocysts can emerge as a complication to AAP. Such cysts contain pancreatic 
juice enclosed by a non-epithelialized wall [60]. Although most pseudocysts have 
been observed to arise within 4 weeks after acute pancreatitis [60], there are no 
significant studies that document this in detail for AAP patients. In general, pseudo-
cysts should be treated conservatively, as the majority of instances diminish after a 
few weeks or months [22].

Intervention is indicated in patients that have persistent symptoms, such as severe 
pain, despite supportive care, or in case of infection or bleeding [61].

7.2 Long-term complications

Long-term consequences include diabetes mellitus, persistent abdominal discom-
fort, and chronic pancreatitis [15, 21, 22, 40]. It was demonstrated that the risk of 
the enduring requirement for insulin medication and recurring abdominal pain was 
related to having had pseudocysts [14].

8. Re-introduction of L-asparaginase

In children with ALL, suspending asparaginase therapy after toxicity is associated 
with significantly decreased event-free survival [4]. It is, therefore, crucial that ALL 
protocols include recommendations regarding the re-introduction of L-Aspa treat-
ment after AAP.

Five studies have described the re-administration of L-Aspa after the occur-
rence of AAP [20, 43, 60–63]. The rate of AAP when L-Aspa was re-introduced was 
reported to be 0% (0 out of one patient) [62], 7, 7% (two out of 26 patients) [63], 
25% (1 out of 4 patients) [43], 63% (10 out 16 patients) [64] and 17% (2 out 12 
patients) [20]. The difference in the incidence of AAP after reintroduction of L-Aspa 
in the two larger studies primarily reflects the criteria for reintroduction, being mild 
AAP and complete resolution of symptoms in one study [63], whereas the other study 
only required resolution of symptoms within 72 h [64].

Currently, there are no established guidelines for the reintroduction of asparagi-
nase following an episode of pancreatitis.

Based on the current literature and the Atlanta criteria, Raja et al. [18] suggested 
that in cases where patients with AAP had a rapid resolution of clinical symptoms 
and a reduction in serum amylase and lipase to levels less than three times the upper 
limit of normal within 48 hours of being diagnosed with pancreatitis and did not have 
signs of severity such as a pancreatic pseudocyst or necrosis, reintroduction of L-Aspa 
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could be attempted. If a second episode of pancreatitis occurs after reintroducing 
L-Aspa, asparaginase medication should be avoided completely. These findings sug-
gest that clinicians should be conscious of the relatively high risk of recurrent pancre-
atitis with asparaginase reexposure following a first episode of AAP.

9. Conclusion

AAP is a life-threatening complication of ALL therapy and there is a need for con-
sensus on its definition in all L-Aspa-containing protocols. Monitoring the patients 
treated with L-Aspa, through careful observation of clinical signs and laboratory 
follow-up is crucial to early detect asparaginase-associated toxicity to enable effective 
and appropriate management and recognize cases where re-exposure is possible.
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BISAP The bedside index for severity in acute pancreatitis
PASS The pancreatitis activity scoring system



Pancreatic Cancer - Pathogenesis, Pathology, and Recent Advances in Diagnosis and Therapy

10

Author details

Kmira Zahra1*, Wided Cherif1, Naila Fathallah2, Haifa Regaieg1, Monia Zaier1,  
Yosra Ben Youssef1 and Abderrahim Khelif1

1 Department of Clinical Hematology, Farhat Hached Hospital, Sousse, Tunisia

2 Department of Pharmacology, Farhat Hached Hospital, Sousse, Tunisia

*Address all correspondence to: kmira_zahra@yahoo.fr

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Acute Pancreatitis in Children with Acute Lymphoblastic Leukemia Using L-Asparaginase:…
DOI: http://dx.doi.org/10.5772/intechopen.110034

11

References

[1] Hijiya N, van der Sluis IM. 
Asparaginase-associated toxicity in 
children with acute lymphoblastic 
leukemia. Leukemia & Lymphoma. 
2015;8194:1-31

[2] Müller HJ, Boos J. Use of 
L-asparaginase in childhood ALL. 
Critical Reviews in Oncology/
Hematology. 1998;28:97-113

[3] Pession A, Valsecchi MG, 
Masera G, et al. Long-term results of 
a randomized trial on extended use of 
high dose L-asparaginase for standard 
risk childhood acute lymphoblastic 
leukemia. Journal of Clinical Oncology. 
2005;23:7161-7167

[4] Silverman LB. Improved outcome 
for children with acute lymphoblastic 
leukemia: Results of Dana-Farber 
Consortium Protocol 91-01. Blood. 
2001;97:1211-1218

[5] Asselin BL, Whitin JC, 
Coppola DJ, Rupp IP, Sallan SE, Cohen HJ. 
Comparative pharmacokinetic studies 
of three asparaginase preparations. 
Journal of Clinical Oncology. 
1993;11:1780-1786

[6] Pinkel D. Treatment of childhood 
acute lymphocytic leukemia. The Journal 
of Pediatrics. 1970;77:1089-1091

[7] Van Trimpont M, Schalk AM, 
De Visser Y, Nguyen HA, Reunes L, 
Vandemeulebroecke K, et al. In vivo 
stabilization of a less toxic asparaginase 
variant leads to a durable anti-
tumor response in acute leukemia. 
Haematologica. 2022;2022:18

[8] Boos J, Werber G, Ahlke E, et al. 
Monitoring of asparaginase activity and 
asparagine levels in children on different 

asparaginase preparations. European 
Journal of Cancer. 1996;32A:1544-1550

[9] Appel IM, Kazemier KM, Boos J, et al. 
Pharmacokinetic, pharmacodynamic and 
intracellular effects of PEG-asparaginase 
in newly diagnosed childhood acute 
lymphoblastic leukemia: Results from a 
single agent window study. Leukemia. 
2008;22:1665-1679

[10] Panetta JC, Gajjar A, Hijiya N, et al.  
Comparison of native E. coli and PEG 
asparaginase pharmacokinetics and 
pharmacodynamics in pediatric acute 
lymphoblastic leukemia. Clinical 
Pharmacology and Therapeutics. 
2009;86:651-658

[11] Duval M, Suciu S, Ferster A,  
Rialland X, Nelken B, Lutz P, et al. 
Comparison of Escherichia coli-
asparaginase with Erwinia-asparaginase 
in the treatment of childhood lymphoid 
malignancies: Results of a randomized 
European Organisation for Research 
and Treatment of Cancer-Children’s 
Leukemia Group phase 3 trial. Blood. 
2002;99:2734-2739

[12] Covini D, Tardito S, Bussolati O, et 
al. Expanding targets for a metabolic 
therapy of cancer: L-asparaginase. 
Recent Patents on Anti-Cancer Drug 
Discovery. 2012;7:4-13

[13] Moola ZB, Scawen MD, 
Atkinson T, et al. Erwinia chrysanthemi 
L-asparaginase: Epitope mapping and 
production of antigenically modified 
enzymes. The Biochemical Journal. 
1994;302:921-927

[14] Salzer W, Seibel N, Smith M. 
Erwinia asparaginase in pediatric acute 
lymphoblastic leukemia. Expert Opinion 
on Biological Therapy. 2012;12:1407-1414



Pancreatic Cancer - Pathogenesis, Pathology, and Recent Advances in Diagnosis and Therapy

12

[15] Wolthers BO, Frandsen TL, 
Baruchel A, Attarbaschi A, Barzilai S, 
Colombini A, et al. Asparaginase- 
associated pancreatitis in childhood 
acute lymphoblastic leukaemia: An 
observational Ponte di Legno Toxicity 
Working Group study. Lancet Oncology. 
2017;18(9):1238-1248

[16] Spiegel RJ, Echelberger CK, 
Poplack DG. Delayed allergic reactions 
following intramuscular L-asparaginase. 
Medical and Pediatric Oncology. 
1980;8(2):123-125

[17] Fonseca MHG, da Fiúza T,  
de Morais SB, de Souza T, de 
Trevizani R. Circumventing the side 
effects of L-asparaginase. Biomedicine 
& Pharmacotherapy. 2021;139:111616

[18] Raja RA, Schmiegelow K, 
Frandsen TL. Asparaginase-associated 
pancreatitis in children. British Journal of 
Haematology. 2012;159(1):18-27

[19] Bradley EL III. A clinically 
based classification system for 
acute pancreatitis. Summary of the 
International Symposium on Acute 
Pancreatitis, Atlanta, Ga, September 11 
through 13, 1992. Archives of Surgery. 
1993;128:586-590

[20] Raja RA, Schmiegelow K, 
Albertsen BK, et al. Asparaginase-
associated pancreatitis in children 
with acute lymphoblastic leukaemia 
in the NOPHO ALL2008 protocol. 
British Journal of Haematology. 
2014;165:126-133

[21] Treepongkaruna S, Thongpak N, 
Pakakasama S, Pienvichit P, Sirachainan N, 
Hongeng S. Acute pancreatitis in children 
with acute lymphoblastic leukemia 
after chemotherapy. Journal of 
Pediatric Hematology/Oncology. 
2009;31(11):812-815

[22] Bai HX, Lowe ME, Husain SZ. What 
have we learned about acute pancreatitis 
in children? Journal of Pediatric 
Gastroenterology and Nutrition. 
2011;52:262-270

[23] Yadav D, Agarwal N, Pitchumoni CS. 
A critical evaluation of laboratory tests in 
acute pancreatitis. The American Journal 
of Gastroenterology. 2002;97:1309-1318

[24] Mader TJ, McHugh TP. Acute 
pancreatitis in children. Pediatric 
Emergency Care. 1992;8:157-161

[25] Elmas N. The role of diagnostic 
radiology in pancreatitis. European 
Journal of Radiology. 2001;38:120-132

[26] Tipnis NA, Dua KS, Werlin SL. A 
retrospective assessment of magnetic 
resonance cholangiopancreatography 
in children. Journal of Pediatric 
Gastroenterology and Nutrition. 
2002;46:59-64

[27] Morinville VD, Husain SZ, Bai H, 
Barth B, Alhosh R, Dure PR,  
et al. Definitions of pediatric pancreatitis 
and survey of present clinical practices. 
Journal of Pediatric Gastroenterology 
and Nutrition. 2012;55:261-265

[28] Gliem N, Ammer-Herrmenau C, 
Ellenrieder V, Neesse A. Management 
of severe acute pancreatitis: An update. 
Digestion. 2021;102(4):503-507

[29] Lankisch PG, Weber-Dany B, 
Hebel K, Maisonneuve P, Lowenfels AB. 
The harmless acute pancreatitis score: 
A clinical algorithm for rapid initial 
stratification of nonsevere disease. 
Clinical Gastroenterology Hepatology. 
2009;7(6):702-705

[30] Singh VK, Wu BU, Bollen TL, 
Repas K, Maurer R, Johannes RS, et al.  
A prospective evaluation of the bedside 
index for severity in acute pancreatitis 



Acute Pancreatitis in Children with Acute Lymphoblastic Leukemia Using L-Asparaginase:…
DOI: http://dx.doi.org/10.5772/intechopen.110034

13

score in assessing mortality and 
intermediate markers of severity in 
acute pancreatitis. American Journal of 
Gastroenterology. 2009;104(4):966-971

[31] Buxbaum J, Quezada M, 
Chong B, Gupta N, Yu CY, Lane C, et al. 
The pancreatitis activity scoring system 
predicts clinical outcomes in acute 
pancreatitis: Findings from a prospective 
cohort study. American Journal of 
Gastroenterology. 2018;113(5):755-764

[32] Brown A, Baillargeon JD,  
Hughes MD, Banks PA. Can fluid 
resuscitation prevent pancreatic 
necrosis in severe acute pancreatitis? 
Pancreatology. 2002;2(2):104-107

[33] Banks PA, Bollen TL, 
Dervenis C, Gooszen HG, Johnson CD, 
Sarr MG, et al. Classification of acute 
pancreatitis—2012: Revision of the 
Atlanta classification and definitions 
by international consensus. Gut. 
2013;62(1):102-111

[34] Szabo FK, Hornung L, Oparaji JA, 
Alhosh R, Husain SZ, Liu QY, et al. A 
prognostic tool to predict severe acute 
pancreatitis in pediatrics. Pancreatology. 
2016;16(3):358-364

[35] Whitcomb DC. Genetic aspects of 
pancreatitis. Annual Review of Medicine. 
2010;61:413-424

[36] Liu C, Yang W, Devidas M, Cheng C, 
Pei D, Smith C, et al. Clinical and genetic 
risk factors for acute pancreatitis in 
patients with acute lymphoblastic 
leukemia. Journal of Clinical Oncology. 
2016;34(18):2133-2140

[37] Oparaji JA, Rose F, Okafor D, 
Howard A, Turner RL, Orabi AI, et al. 
Risk factors for Asparaginase-associated 
pancreatitis: A systematic review. 
Journal of Clinical Gastroenterology. 
2017;51(10):907-913

[38] Yadav D, Pitchumoni CS. Issues in 
hyperlipidemic pancreatitis. Journal of 
Clinical Gastroenterology. 2003;36:54-62

[39] Parsons SK, Skapek SX, Neufeld EJ, 
Kuhlman C, Young ML, Donnelly M, 
et al. Asparaginase- associated lipid 
abnormalities in children with acute 
lymphoblastic leukemia. Blood. 
1997;89:1886-1895

[40] Alvarez OA, Zimmerman G. 
Pegaspargase-induced pancreatitis. 
Medicine Pediatric Oncology. 
2000;34(3):200-205

[41] Kurtzberg J, Asselin B, 
Bernstein M, Buchanan GR, Pollock BH, 
Camitta BM. Polyethylene glycol-
conjugated L-asparaginase versus native 
L-asparaginase in combination with 
standard agents for children with acute 
lymphoblastic leukemia in second bone 
marrow relapse: A Children’s Oncology 
Group Study (POG 8866). Journal 
of Pediatric Hematology Oncology. 
2011;33(8):610-616

[42] Place AE, Stevenson KE, 
Vrooman LM, Harris MH, Hunt SK, 
O’Brien JE, et al. Intravenous pegylated 
asparaginase versus intramuscular 
native Escherichia coli L-asparaginase 
in newly diagnosed childhood acute 
lymphoblastic leukaemia (DFCI 05-001): 
A randomised, open-label phase 3 trial. 
Lancet Oncology. 2015;16(16):1677-1690

[43] Samarasinghe S, Dhir S, Slack J, 
Iyer P, Wade R, Clack R, et al. Incidence 
and outcome of pancreatitis in 
children and young adults with acute 
lymphoblastic leukaemia treated on 
a contemporary protocol, UKALL 
2003. British Journal of Haematology. 
2013;162(5):710-713

[44] Wu XM, Ji KQ , Wang HY, 
Li GF, Zang B, Chen WM. Total enteral 
nutrition in prevention of pancreatic 



Pancreatic Cancer - Pathogenesis, Pathology, and Recent Advances in Diagnosis and Therapy

14

necrotic infection in severe acute 
pancreatitis. Pancreas. 2010;39:248-251

[45] Gardner TB, Vege SS, Chari ST, 
Petersen BT, Topazian MD, Clain JE,  
et al. Faster rate of initial fluid 
resuscitation in severe acute pancreatitis 
diminishes in-hospital mortality. 
Pancreatology. 2009;9:770-776

[46] Warndorf MG, Kurtzman JT,  
Bartel MJ, Cox M, Mackenzie T, 
Robinson S, et al. Early fluid resuscitation 
reduces morbidity among patients 
with acute pancreatitis. Clinical 
Gastroenterology and Hepatology. 
2011;9(8):705-709

[47] Mao EQ , Fei J, Peng YB, Huang J, 
Tang YQ , Zhang SD. Rapid hemodilution 
is associated with increased sepsis and 
mortality among patients with severe 
acute pancreatitis. Chinese Medical 
Journal. 2010;123(13):1639-1644

[48] James TW, Crockett SD. Management 
of acute pancreatitis in the first 72 hours. 
Current Opinion in Gastroenterology. 
2018;34(5):330-335

[49] Tenner S, Baillie J, Dewitt J, Vege SS, 
American College of Gastroenterology. 
American College of Gastroenterology 
guideline: Management of acute 
pancreatitis. American Journal of 
Gastroenterology. 2013;108(9):1400-1415

[50] Jabaudon M, Belhadj-Tahar N, 
Rimmelé T, Joannes-Boyau O, Bulyez S, 
Lefrant JY, et al. Thoracic epidural analgesia 
and mortality in acute pancreatitis: A 
Multicenter propensity analysis. Critical 
Care Medicine. 2018;46(3):e198-e205

[51] Tyagi A, Gupta YR, Das S, Rai G, 
Gupta A. Effect of segmental thoracic 
epidural block on pancreatitis induced 
organ dysfunction: A preliminary study. 
Indian Journal of Critical Care Medicine. 
2019;23(2):89-84

[52] Petrov MS, Kukosh MV, 
Emelyanov NV. A randomized controlled 
trial of enteral versus parenteral feeding 
in patients with predicted severe 
acute pancreatitis shows a significant 
reduction in mortality and in infected 
pancreatic complications with total 
enteral nutrition. Digestive Surgery. 
2006;23:336-344

[53] Arlt A, Erhart W, Schafmayer C,  
Held HC, Hampe J. Antibiosis 
of necrotizing pancreatitis. 
Viszeralmedizin. 2014;30(5):318-324

[54] Horibe M, Sanui M, Sasaki M, 
Honda H, Ogura Y, Namiki S. et al, 
Impact of antimicrobial prophylaxis 
for severe acute pancreatitis on the 
development of invasive candidiasis: a 
large retrospective multicenter cohort 
study. Pancreas. 2019;48(4):537-543

[55] Takeda K, Matsuno S, Ogawa M,  
Watanabe S, Atomi Y. Continuous 
regional arterial infusion (CRAI) 
therapy reduces the mortality rate of 
acute necrotizing pancreatitis: Results 
of a cooperative survey in Japan. Journal 
of Hepato- Biliary-Pancreatic Surgery. 
2001;8:216-220

[56] Garrington T, Bensard D, Ingram JD, 
Silliman CC. Successful management 
with octreotide of a child with 
L-asparaginase induced hemorrhagic 
pancreatitis. Medical and Pediatric 
Oncology. 1998;30:106-109

[57] Piascik M, Rydzewska G, Milewski J, 
Olszewski S, Furmanek M, Walecki J,  
et al. The results of severe acute 
pancreatitis treatment with 
continuous regional arterial infusion 
of protease inhibitor and antibiotic: A 
randomized controlled study. Pancreas. 
2010;39:863-867

[58] Morimoto A, Imamura T, Ishii R, 
Nakabayashi Y, Nakatani T, Sakagami J, 



Acute Pancreatitis in Children with Acute Lymphoblastic Leukemia Using L-Asparaginase:…
DOI: http://dx.doi.org/10.5772/intechopen.110034

15

et al. Successful management of severe 
L-asparaginase- associated pancreatitis 
by continuous regional arterial infusion 
of protease inhibitor and antibiotic. 
Cancer. 2008;113:1362-1369

[59] Pastor CM, Matthay MA, 
Frossard JL. Pancreatitis-associated 
acute lung injury: New insights. Chest. 
2003;124:2341-2351

[60] Banks PA, Freeman ML. Practice 
guidelines in acute pancreatitis. The 
American Journal of Gastroenterology. 
2006;101:2379-2400

[61] Gumaste VV, Aron J. Pseudocyst 
management: Endoscopic drainage 
and other emerging techniques. 
Journal of Clinical Gastroenterology. 
2010;44:326-331

[62] Vrooman LM, Supko JG, 
Neuberg DS, Asselin BL, Athale UH, 
Clavell L, et al. Erwinia asparaginase 
after allergy to E. coli asparaginase 
in children with acute lymphoblastic 
leukemia. Pediatric Blood and Cancer. 
2010;54:199-205

[63] Knoderer HM, Robarge J, 
Flockhart DA. Predicting asparaginase-
associated pancreatitis. Pediatric Blood 
and Cancer. 2007;49:634-639

[64] Kearney SL, Dahlberg SE, Levy DE, 
et al. Clinical course and outcome in 
children with acute lymphoblastic 
leukemia and asparaginase-associated 
pancreatitis. Pediatric Blood & Cancer. 
2009;53:162-167


