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BACKGROUND: 1-Asparaginase (.-Asp) is an important therapeutic for childhood acute lymphoblastic leukemia (ALL).
Asparaginase-associated pancreatitis (AAP) is a severe complication of L-Asp related to the dosage. We investigated the incidence

of, and risk factors for, AAP in pediatric patients with ALL.

METHODS: From January 2002 to December 2018, pediatric patients with ALL treated at National Taiwan University Hospital were
enrolled in this study. The diagnosis of AAP was based on the criteria of the Ponte di Legno Toxicity Working Group.

RESULTS: Of the 353 patients enrolled in this study, 14 (4.0%) developed AAP. The incidence of AAP in ALL patients was
significantly higher after treatment with the 2013 protocol compared with the 2002 protocol of the Taiwan Pediatric Oncology
Group (9.5% vs. 1.3%). Multivariate analysis showed that a high peak L-Asp dose intensity (>45,000 U/m%*/month) and older age at
diagnosis (>6.8 years) were independently predictive of AAP development.

CONCLUSIONS: The incidence of acute pancreatitis in childhood ALL was correlated more strongly with the peak dose intensity
than with the cumulative dose of L-Asp. These results could be used to reduce the treatment-related complications of ALL.

Pediatric Research (2022) 92:459-465; https://doi.org/10.1038/s41390-021-01796-w

IMPACT:

® |-Asparaginase is an important therapeutic for childhood acute lymphoblastic leukemia, and the accumulated dosage of
L-asparaginase is considered as a major risk factor of asparaginase-associated pancreatitis.
® This article demonstrated that the incidence of pancreatitis correlates with the dose-intensity of L-asparaginase, but not the

accumulated dosage.

® |dentification of patient group with high risk of pancreatitis could lead to early diagnosis and reduce the complication.
® This finding could aid in developing further new protocol or therapeutic strategy design to reduce treatment-related
complications and improve clinical outcomes of childhood acute lymphoblastic leukemia.

INTRODUCTION
Medication-related pancreatitis accounts for 5-19.9% of all cases
of pediatric acute pancreatitis. L-Asparaginase (L-Asp) has been
used to treat lymphoblastic malignancies in children since 1970.
The cytotoxic effect of L-ASP is caused by near-total depletion of
circulating asparagine. Unlike healthy cells, malignant lympho-
blasts are incapable of synthesizing asparagine, and asparagine
depletion induces apoptosis.? The serum asparagine level is
restored to normal within 2 weeks after discontinuing L-Asp.
Acute lymphoblastic leukemia (ALL) is the most common
pediatric hematological malignancy. Combination chemotherapy
has increased the 5-year survival rate of ALL patients to >85% in
developed countries.® As a result, chemotherapy-related toxicity
and complications now account for one-third of all deaths among
pediatric patients with ALL.* L-Asp is an important anti-leukemic
agent used for childhood ALL, and its early cessation due to
complications is associated with reduced event-free survival.>®

Asparaginase-associated pancreatitis (AAP) is a severe and
potentially life-threatening treatment-related complication with
an incidence of 2-18% in pediatric patients with ALL. The crude
incidence of AAP is correlated with the average cumulative
dosage and the planned treatment duration of L-Asp.” Older age is
also a significant risk factor for AAP.2° The pathophysiology of
AAP is unclear. AAP may worsen prognosis by causing severe
complications, postponement of scheduled chemotherapy, and
unintended discontinuation of L-Asp. Sakaguchi. et al tried to
prevent AAP by administering octreotide before L-Asp treatment
in patients who develop AAP after primary exposure. However,
more than half of these patients still developed AAP,'® similar to
the AAP incidence following re-exposure to L-Asp without
prophylaxis (25-63%)."""® There is no method for predicting
the occurrence of AAP.

To improve the clinical outcomes of pediatric patients with ALL,
it is important to reduce treatment-related complications and

"Department of Pediatrics, National Taiwan University Hospital Hsin-Chu Branch, Hsin-Chu, Taiwan. Department of Pediatrics, National Taiwan University Hospital and National
Taiwa University, College of Medicine, Taipei, Taiwan. *These authors contributed equally: Hsiu-Hao Chang, Jia-Feng Wu. ®email: changhh2001@ntu.edu.tw; wjf@ntu.edu.tw

Received: 16 July 2021 Revised: 24 September 2021 Accepted: 6 October 2021

Published online: 30 October 2021

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41390-021-01796-w&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41390-021-01796-w&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41390-021-01796-w&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41390-021-01796-w&domain=pdf
https://doi.org/10.1038/s41390-021-01796-w
mailto:changhh2001@ntu.edu.tw
mailto:wjf@ntu.edu.tw
www.nature.com/pr

C.-B. Chen et al.

460

Table 1. -Asp dose regimen (U/m?) of TPOG ALL protocols.

TPOG 2002 TPOG 2013

SR HR VHR MRD < 1%° 1%<MRD < 5% MRD > 5%°
Induction 0 5000, t.i.w. 5000, t.i.w. 6000, t.i.w. 6000, t.i.w. 6000, t.i.w.

3 weeks 3 weeks 3 weeks 4 weeks 4 weeks
SR HR VHR
Maintenance 0 0 0 0 10,000, g.w. 10,000, g.w.
week 1-6, 10-16, 20 week 1-6, 10-16, 20

Reinduction 5000, t.i.w. 5000, t.i.w. 5000, t.i.w. 6000, t.i.w. 6000, t.i.w. 6000, t.i.w.

2 weeks 3 weeks x 2 2 weeks weeks 7-9 weeks 7-9, 17-19 weeks 7-9, 17-19
Total dose 30,000 135,000 75,000 108,000 292,000 / 310,000° 292,000/310,000?
Peak dose-intensity 30,000 45,000 45,000 54,000 64,000/72,000° 64,000/72,000?

MRD minimal residual disease. Peak dose-intensity: maximal L-asp dosage received within 1 month.
“Different dosage of (-Asp in 2013 induction was based on the individual MRD results on D15 of induction course. This feature contributed to the different
total dose and peak dose-intensity in the HR/VHR patient groups. Since suboptimal MRD result is one of the exclusion criteria of SR, the SR patient group all

received the same L-Asp dosage.

increase the safety of L-Asp administration. The Taiwan Pediatric
Oncology Group (TPOG) designed a new protocol for pediatric ALL
in 2013 (TPOG 2013 protocol); in this protocol, the L-Asp dosage
was increased to improve therapeutic outcomes compared with
the TPOG 2002 protocol.'*'> However, the effect of this increased
L-Asp dosage on the incidence of AAP in pediatric patients with
ALL is unknown. Therefore, we investigated the incidence of, and
risk factors for, AAP in pediatric patients with ALL treated with
these two protocols.

SUBJECTS AND METHODS

Patient population and study design

From January 2002 to December 2018, patients <18 years old diagnosed
with ALL and treated at National Taiwan University Hospital were enrolled
in this study. The patients’ clinical data were obtained retrospectively by
review of the medical records. The diagnosis of AAP was based on
fulfilment of two of the following three Ponte di Legno Toxicity Working
Group criteria:'® (a) symptoms of acute pancreatitis, such as epigastralgia
with/without radiation to the back, (b) serum amylase or lipase levels more
than threefold the upper limit of normal, and (c) abdominal sonography,
computed tomography, or magnetic resonance imaging findings indica-
tive of acute pancreatitis.'” Patients who developed AAP within 50 days of
L-ASP therapy were identified. This study was approved by the Institutional
Review Board of National Taiwan University Hospital.

Treatment with L-Asp

The TPOG 2002 and 2013 protocols stratified patients into standard risk,
high risk, and very high risk groups based on the clinical characteristics at
diagnosis (age, immunophenotype, cytogenetics, tumor burden, central
nervous system involvement, and bone marrow minimal residual disease
at induction days 15 and 42, measured by flow cytometry."*'?) In the TPOG
2002 protocol, risk stratification was based on the clinical characteristics of
patients at diagnosis, and patients were assigned to receive the
appropriate risk-adaptive treatment. In the TPOG 2013 protocol, patients
received induction chemotherapy for 14 days, and bone marrow minimal
residual disease was assessed on days 15 and 42. The induction regimen
after day 15 was determined according to the minimal residual disease on
day 15. Risk stratification in the TPOG 2013 protocol was dependent on not
only the clinical parameters at diagnosis but also the bone marrow
minimal residual disease on days 15 and 42. The differences between the
two protocols in dosage and therapeutic duration are listed in Table 1.
Details of the protocol are provided in Additional File 1. We calculated the
L-Asp dosage as indicated in the standard protocol.

Statistical analysis
Statistical analysis was performed using STATA software (v. 14; StataCorp
LP, College Station, TX) and MedCalc (v. 17.5; MedCalc Software, Ostend,
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Belgium). Differences in categorical variables between groups were
analyzed by Fisher's exact test or the chi-squared test. Student's t-test
was used to compare continuous variables between groups. We defined
the peak dose intensity of L-Asp as the maximum L-Asp administered in
1 month and compared it with the cumulative dosage of t-Asp as an
independent risk factor for AAP. Receiver operating characteristic (ROC)
analysis was used to evaluate the optimal cut-off values of the identified
risk factors. Two-sided P values <0.05 were considered indicative of
significance.

RESULTS

Patient characteristics

Three hundred seventy-nine pediatric patients diagnosed with
ALL were identified during the study period. Twenty-six patients
were excluded because of incomplete clinical data. The
remaining 353 patients were included in the analysis. Among
them, 237 (67.1%) patients were treated with the TPOG 2002
protocol and the other 116 with the TPOG 2013 protocol. The
incidences of AAP were 1.3% (3/237) and 9.5% (11/116) in
patients treated with the TPOG 2002 and 2013 protocols,
respectively (Table 2). Of the 353 patients, 14 (4.0%) had AAP
during treatment and were classified as the AAP group. The
distributions of sex, immunophenotype, risk stratification, and
disease outcome were not significantly different between the
AAP and non-AAP groups (Table 2).

Age at ALL diagnosis was significantly older in the AAP group
than the non-AAP group (P = 0.006). The mean L-Asp cumulative
dose throughout the treatment course was significantly higher in
the AAP group than the non-AAP group (203,642.9 vs. 118,073.7
U/m?, P=0.004).

The characteristics of the 14 ALL patients with AAP are
summarized in Table 3. All developed AAP in the induction or
reinduction phase, and the induction and reinduction phases
involved the highest L-Asp dosage of the treatment protocol.
Although five (35.7%) patients were admitted to the intensive care
unit because of an unstable clinical condition, no pancreatitis-
related deaths occurred. Four (28.6%) patients developed serious
complications related to AAP, two (14.3%) had a pancreatic
pseudocyst, one (7.1%) had necrotizing pancreatitis, and one
(7.1%) had both a pseudocyst and necrotizing pancreatitis. Patient
no. 8 had the longest nil per os period (158 days), due to recurrent
episodes of pancreatitis after feeding. Severe pancreatic duct
damage was responsible for this phenomenon. He received total
parenteral nutrition at home via a port-A catheter for 5 months,
after which full enteral feeding was resumed. Two (14.3%) patients
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Table 4. Result of multivariate analysis of risk factors for

developing AAP.

Variables OR 95% CI P value
Age > 6.8-year-old 5.86 1.42-24.25  0.015°
Peak L-Asp intensity > 45,000 U/m? 9.36 2.45-35.65 0.001°
HR, VHR vs. SR 1.19 0.31-4.58 0.801

SStatistically significant. OR odds ratio, C/ confidence interval, AAP
asparaginase associated pancreatitis.

independently predictive of AAP development in ALL patients
during treatment.

DISCUSSION

-Asp is an essential component of combination chemotherapies
for childhood ALL.'® The improved survival outcomes of childhood
ALL are attributed, at least in part, to increased use of intense and
prolonged L-Asp therapy.'®° By contrast, failure to receive the full
course of L-Asp therapy due to treatment-related toxicity is
associated with poor survival outcomes in children with ALL>%° -
Asp activity =0.1 IU/mL indicates adequate asparagine depletion.?’
A prolonged course of high-dose L-Asp improves the clinical
outcomes in children with ALL."®"® In response, a higher dose and
duration of L-Asp therapy were used in the TPOG 2013 protocol

SPRINGER NATURE

compared with the TPOG 2002 protocol in Taiwan. In this study,
the incidence of AAP was significantly higher in pediatric patients
with ALL treated with the TPOG 2013 protocol (9.5%) than in those
treated with the TPOG 2002 protocol (1.3%). Multivariate analysis
confirmed the peak dose intensity of L-Asp as an independent risk
factor for AAP in pediatric patients with ALL.

An increased cumulative L-Asp dosage and prolonged treat-
ment duration are associated with an increased AAP incidence.”
However, according to a pharmacokinetic (PK) and pharmacody-
namic study by Asselin et al,?*** the activity of injected L-Asp
dropped to 0.1-0.5 IlU/mL at 7 days after injection, and the half-life
of Escherichia coli Asp was 1.28 +0.35 days. It is unreasonable to
estimate the risk of developing AAP according to the cumulative -
Asp dose, which was administered during the induction and
reinduction phases, with an interval of approximately 20 weeks.
The patients in our cohort developed AAP during induction and
reinduction therapy, but not after TPOG 2013 maintenance week
20, when they received the largest cumulative -Asp dosage
(Fig. 3). Kearney et al."? observed that AAP tends to develop within
the first 10 weeks after L-Asp administration, and their regimen
included subsequent low-dose L-Asp for 20-30 weeks. The Asp
dose intensity represents the total amount of Asp received during
a finite period, thus reflecting the dosage, frequency, and duration
of Asp administration. For example, the Asp dose intensity was
40,000 U/m*/month during maintenance therapy, less than that
during the induction and reinduction phases. Therefore, we

Pediatric Research (2022) 92:459 - 465
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propose that the peak dose intensity of L-Asp is a stronger risk
factor for AAP compared with the cumulative L-Asp dosage.

The low AAP incidence in the group receiving 135,000 U/m?
L-Asp (Fig. 1b) could be explained by the model of L-Asp dose
intensity. The high-risk group of TPOG 2002 received a total L-Asp
dose of 135,000U/m? but the peak L-Asp dose intensity was
45,000 U/m*/month (Table 1). This suggests that the difference in
the L-Asp dose intensity outweighs the difference in cumulative
L-Asp dosage when determining the risk of AAP.

Therapeutic protocols use different preparations of L-Asp. In our
cohort, E. coli- and Erwinia chrysanthemi-derived L-Asp were used
interchangeably. E. coli L-Asp is used as a first-line treatment
because it is more cost-effective; it is substituted with Erwinia L-
Asp in patients allergic to E. coli L-Asp. According to a head-to-
head comparative study,* E. coli L-Asp caused more coagulation
abnormalities compared with Erwinia L-Asp (30.2% vs. 11.9%) but
resulted in similar incidences of other toxicities, including
pancreatitis, allergy, and liver toxicities. Pegylated asparaginase
(Peg-Asp) has a longer half-life than those of the above two
preparations of L-Asp.>*** The AAP incidence of Peg-Asp is
typically <10%,%° but one study reported a 10-fold increase in AAP
incidence with Peg-Asp (2500 U/m?/dose) compared with E. coli
L-Asp (6000 U/m?/dose) (1.9% vs. 18%).2” However, that study did
not provide detailed protocols, precluding any comparison.
According to the PK and pharmacodynamic study by Panetta
et al,”® an L-Asp dosage of 6000 U/m? thrice weekly (as in the
TPOG 2013 protocol) was equivalent to 3500 U/m? Peg-Asp
weekly, and both preparations had beneficial effects on aspar-
agine depletion in cerebrospinal fluid. These different PK proper-
ties of L-asp and Peg-Asp suggest different effects on Asp
depletion.® However, the duration of asparaginase depletion
may also depend on the dose schedule. In this study, the
incidence of acute pancreatitis in childhood ALL was correlated
more strongly with the peak dose intensity than with the
cumulative dosage of L-Asp. This suggests that a higher dose
intensity of L-Asp prolongs asparaginase depletion and increases
the risk of AAP.

Several issues regarding the Asp dose intensity remain
unresolved. We did not investigate the biomarkers contributing
to the increased incidence of AAP because of the retrospective
nature of this study. We typically use the nadir serum asparaginase
activity to assess the treatment effect of L-Asp, but increased nadir
serum asparaginase activity was not correlated with the incidence
of AAP.?° Furthermore, the cut-off of 54,000 U/m?/month may not

Pediatric Research (2022) 92:459 - 465

be applicable to other regimens or ethnicities. The genetic
background and the cytotoxic agents administered with L-Asp
could alter the critical Asp dose intensity responsible for AAP
development.

Patient age at diagnosis of ALL is a risk factor for AAP. Adult ALL
protocols typically lack intensive L-Asp treatment, in part because
of toxicity concerns. In previous pediatric studies, the risk of AAP
increased more than twofold in patients >9 years old.>° We
performed ROC analysis to identify the cut-off age instead of using
predefined age groups. The cut-off (age>6.8 years) was an
independent risk factor in the multivariate analysis.

Regarding confounding factors, physician awareness is a major
concern. Proactive surveillance is crucial to avoid missing AAP
symptoms, especially in younger children. We follow similar
monitoring methods for patients with ALL treated according to
the TPOG 2002 or 2013 protocol, i.e., weekly follow-up of serum
amylase and lipase levels during L-Asp administration irrespective
of symptoms. Therefore, physician awareness likely had little
impact on our findings.

Although the pathogenesis of AAP is unclear, it likely involves
interplay between the L-asp dosage and host genetic factors.
Genetic variants of CPA2, ULK2, RGS6, ASNS, MYBBP1A, IL16, SPEF2,
PRSS1, and PRSS2 are reportedly associated with an increased risk
of AAP and other complications such as thrombosis and allergic
reaction.”' 173931 Asparaginase synthase (ASNS) is an endogenous
enzyme highly expressed in pancreatic acinar cells, and it could
replenish the intracellular asparagine depleted by asparaginase.
Mukherjee et al.3? reported that L-asp-induced apoptosis is more
severe in pancreatic acinar cells with ASNS knockdown. Further-
more, overexpression of ASNS protected against L-Asp-induced
apoptosis. This suggests a relationship between genetic variations
and the risk of AAP. In this retrospective study, we did not perform
genetic analyses and thus could not identify the genes related to
AAP development. Investigation of genetic factors implicated in
AAP would provide insight into the pathogenesis of the
complications related to L-Asp.

The management of AAP is similar to that of pancreatitis of
other etiologies. However, there is no consensus on whether to re-
challenge with L-Asp after recovery. Almost half of patients with
AAP experience AAP relapse after re-exposure to L-Asp,'®** but
the risk of early CNS relapse should also be considered. Physicians
usually attempt L-Asp re-challenge in select cases: mild pancrea-
titis cases, cases in which amylase and lipase levels returned to
less than threefold the upper limit of normal within 48 h, and

SPRINGER NATURE

463



C.-B. Chen et al.

464

cases without complications such as pseudocysts or necrotizing
pancreatitis.?° In our cohort, no patient was re-exposed to L-Asp
after developing AAP. Identifying patients at risk is crucial for
preventing AAP. Although monitoring of L-Asp is not recom-
mended in the standard of care for ALL, it may prevent adverse
effects.>*

Exploration of the genetic risk factors for AAP is needed. A
prospective randomized control study considering host genetic
factors is needed to compare different L-Asp dose intensity age-
and risk-specific regimens. To enhance cost-effectiveness, L-Asp
activity should be monitored proactively and the L-Asp dosage
adjusted in patients at risk of AAP.

CONCLUSION

We evaluated the incidence of, and risk factors for, AAP in
pediatric patients with ALL treated with two different TPOG
protocols. Patients treated with the newer protocol had a
significantly higher incidence of AAP. A higher peak dose intensity
of L-Asp and an older age at diagnosis were independently
predictive of a higher risk of AAP development during treatment.
These findings will enable identification of high-risk patients,
thereby allowing adjustment of the peak dose intensity of L-Asp,
monitoring for prevention or early intervention, and formulation
of novel therapeutic protocols to reduce treatment-related
complications and improve the clinical outcomes of
childhood ALL.
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