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Background: L-asparaginase is a bacterial enzyme used in the treatment of acute lymphoblastic
leukemia. In the ongoing U.S. Drug-Induced Liver Injury Network (DILIN) prospective study,
standard and pegylated asparaginase were the most frequent cause of liver injury with jaundice
among anti-cancer agents (8 of 40: 20%). The unique features of this hepatotoxicity are described.

Methods: Eight cases from 5 DILIN centers were reviewed for clinical course, laboratory values,
imaging, and histopathology.

Results: Seven women, ages 29 to 59 years, and one 8-year old boy, all with leukemia,
developed jaundice within 9 to 21 days (median 15 days) of starting asparaginase or pegaspargase,
during the first (n=6) or second (n=2) cycle. Prominent symptoms were jaundice (n=8), fatigue
(6), abdominal pain (6) but rarely pruritus (1). Initial median ALT level was 284 U/L (range 83 to
1076), Alk P 159 U/L (64 to 452), and bilirubin 4.4 mg/dL (3.7 to 8.4). Bilirubin levels rose
thereafter in all patients to median peak of 17.5 mg/dL (11.7 to 25.7), INR rose to 1.1 to 1.7 and
serum albumin fell to 1.5 to 2.6 g/dL. Hepatic imaging revealed fatty liver in all patients. Liver
biopsy showed steatosis but minimal hepatocyte necrosis. One patient restarted on pegaspargase
re-developed less severe injury.

Conclusion: Asparaginase is a common cause of antineoplastic-induced liver injury with
jaundice, typically with short latency, marked steatosis, and prolonged jaundice, which can lead to
delays in antileukemic therapy. The cause of injury is likely direct inhibition of hepatic protein
synthesis caused by asparagine depletion.

Keywords
hepatotoxicity; leukemia; antineoplastic agents; jaundice; cholestasis; fatty liver

Introduction

L-asparaginase is a bacterial enzyme derived from Escherichia coli B (E. coli) or Erwinia
chrysanthemithat is used as an antineoplastic agent, largely for acute lymphoblastic
leukemia (ALL) [1,2]. Standard asparaginase is typically given intramuscularly or
intravenously three times weekly for the first two weeks of 4-week cycles. A pegylated
formulation of asparaginase (pegaspargase) is given intravenously or intramuscularly no
more often than every 2 weeks. The bacterial enzyme hydrolyzes L-asparagine to aspartic
acid and ammonia resulting in a selective depletion of asparagine in serum [3]. Leukemic
cells are particularly sensitive to asparagine deficiency as they frequently lack asparagine
synthetase activity and rely upon serum levels of asparagine [4]. In contrast, normal bone
marrow cells and cells in other organs are less affected probably due to a rich supply of
intracellular asparagine synthetase. The relative lack of bone marrow suppression by
asparaginase makes it particularly attractive in combination with chemotherapeutic regimens
that usually include severely myelosuppressive agents.

Asparaginase does have systemic toxicities including hypersensitivity reactions, pancreatitis,
thrombosis, hyperglycemia, neurologic dysfunction, nephropathy, and hepatotoxicity [1,5—-
10]. In an ongoing multicenter prospective study of drug-induced liver injury from the
United States [11], asparaginase and pegaspargase were found to be the most frequent cause
of clinically apparent liver injury with jaundice among antineoplastic agents. The unique
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clinical features, course and outcome of eight consecutive cases of asparaginase hepatoxicity
from the ongoing Drug-Induced Liver Injury Network (DILIN) are described.

Initiated in 2004, the DILIN Prospective Study (NCT00345930) has enrolled individuals
with suspected drug-induced liver injury at 5 to 8 designated clinical centers across the
United States. The inclusion and exclusion criteria, evaluation for competing etiologies,
follow-up, and causality and severity assessment have been described in previous
publications [11-12] and a full list of sites and participants are listed in the Supplementary
Table 1. The DILIN Prospective Study was approved by the Institutional Review Boards of
the enrolling clinical centers, and all participants provided written informed consent. In
addition, the protocol and consent form were approved, and the study was monitored by an
independent data and safety monitoring board appointed by the National Institutes of Health.

The analysis consisted of all eight individuals enrolled between 2004 and 2017 who were
judged by the DILIN Causality Committee to have definite, highly likely, or probable drug-
induced liver injury from asparaginase or pegaspargase [13]. Patients’ DILIN records were
systematically evaluated and relevant data were extracted. When data was missing, the
primary center was contacted, and the patient’s medical records were re-reviewed to obtain
missing data. HLA typing was done by high resolution genotyping by locus-specific PCR
amplification on genomic DNA [14] through the Immunogenetics and Single Cell
Technologies Core at Vanderbilt University Medical Center and the Institute for
Immunology and Infectious Diseases, Murdoch Western Australia. Allele frequencies were
compared to racial and ethnicity matched populations from publicly available datasets found
on www.allelefrequencies.net. As a part of this analysis, a search request was made to the
FDA Adverse Event Reporting System (FAERS) for cases of liver injury reported with the
use of asparaginase products including standard (E. coli and Erwinia derived) and pegylated
formulations.

Demographic and clinical data for subjects enrolled in the DILIN Prospective Study were
extracted on November 13t 2017. Descriptive statistics, such as means, medians, and
frequency distributions, were used to characterize the cohort. The R ratio was calculated as
the serum ALT level divided by the serum Alk P level (both expressed as fold x
ULN).Statistics were performed by using Excel (version 16.13.1; Microsoft Corp, Redmond,
WA and R (version 3.0.2).

Between 2004 and 2017, 1919 cases of suspected drug-induced liver injury were enrolled in
the DILIN Prospective Study, of which 1633 cases were fully adjudicated by the DILIN
Causality Committee and 1321 scored as definite, highly likely or probable (Figure 1).
Among 75 cases that were attributed to antineoplastic agents, 15 were being treated for non-
malignant conditions (such as inflammatory bowel disease or psoriasis). Thus, in only 60
cases (4.5%) were drugs used to treat cancer the suspected cause of liver injury, and only 40
of the cases were associated with jaundice (serum total bilirubin = 2.5 mg/dL). Eight of the
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60 cases were attributed to asparaginase or pegaspargase, a frequency only matched by
imatinib as a cause of DILI. Importantly, the asparaginase/pegaspargase cases were all
associated with hyperbilirubinemia, making it the single most common antineoplastic agent
associated with cholestatic liver injury (8 of 40: 20%).

The clinical features of the 8 cases are summarized in Table 1. The cohort consisted of 7
women, aged 29 to 59 years, and one 8-year old boy. One patient was African American and
7 were Caucasian, one of whom was Hispanic. One patient received standard asparaginase, 6
pegaspargase, and one received both. In all cases, E. coli derived asparaginase was used. All
patients were being treated for acute or chronic lymphoblastic leukemia. Three patients
received asparaginase or pegaspargase alone while the remaining 5 also received vincristine
(n=5), daunorubicin (n=4), cytarabine (n=3), methotrexate (n=3), cyclophosphamide (n=2)
and dasatinib (n=1). Other medications taken by these 8 patients during the 2 months before
onset are listed in Supplementary Table 2. Three patients were obese (BMI >30 kg/m?), 2
were overweight (BMI >25 kg/m?2), 3 had a history of type 2 diabetes, 2 had hypertension,
and 1 hyperlipidemia. None were known to have pre-existing liver disease.

The latency to onset of hepatic injury was relatively rapid. Asparaginase is typically given 3
times weekly for 2 weeks, while pegaspargase is given once every 2 weeks. Jaundice with
symptoms of liver injury arose during or at the end of the first course, 9 to 21 days (median
= 15 days) after the initial dose, and 1 to 19 days (median = 8 days) after the final dose of
asparaginase or pegaspargase. Jaundice (n=8), dark urine (n=6), fatigue (n=6) and abdominal
pain (n=6) were the most frequently reported symptoms. Only one patient mentioned
pruritus, and none had rash, fever, or eosinophilia. Test results for acute hepatitis A, B, C,
and E were negative in all patients. Two patients had moderate titers of antinuclear antibody
(ANA 1:80 and 1:160), but all 8 were negative for antismooth muscle and antimitochondrial
antibodies. No patients abused alcohol or had a history of recent sepsis, shock or
hypotension.

At the onset of injury, median serum ALT level was 284 U/L (range: 83 to 1076), Alk P 159
U/L (64 to 452), and total bilirubin 4.4 mg/dL (3.7 to 8.4). The R ratio at the onset ranged
widely, from cholestatic (1.7) to very hepatocellular (19.6), the median being in the range of
“mixed” (4.7). Serum total bilirubin levels rose for 3 to 18 days and ALT for 3 to 20 days
after onset. The median peak ALT was 595 U/L (range 340 to 2331 U/L), Alk P 785 U/L
(145 to 1796 U/L), and total bilirubin 17.5 mg/dL (11.7 to 25.7 mg/dL). In half of the
cohort, jaundice persisted for less than one month (Figure 2). Serum albumin levels fell in all
patients usually starting before the onset of jaundice, and the nadir in levels ranged from 1.5
to 2.6 g/dL between 1 to 16 days after onset coinciding with the period of peak serum total
bilirubin levels. In the same time period, INR values increased, peak values ranging from 1.1
to 1.7 (median 1.3).

All patients recovered clinically from their drug-induced liver injury. Mildly abnormal serum
enzymes were identified in 3 subjects during follow up 6 months or more after onset, but
these 3 individuals had restarted anti-leukemic chemotherapy without asparaginase and the
abnormalities were attributed to the other antineoplastic agents (methotrexate,
mercaptopurine) or graft-vs-host disease after hematopoietic cell transplantation.
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Seven patients had hepatic imaging before starting asparaginase and all 8 had imaging at the
time of acute injury. Within a month after starting asparaginase, all patients had evidence of
diffuse fatty liver by abdominal ultrasound or CT scan, which was present in only 3 of 7
with imaging before chemotherapy. Two subjects also had ascites and 1 hepatomegaly at the
time of acute injury. Of the 4 patients who had evidence of no hepatic steatosis before
treatment, 3 continued to have evidence of steatosis on imaging done more than 2 months
after asparaginase therapy while the fourth was not re-tested until 9 months post therapy, at
which time imaging of the liver was normal.

Liver biopsy was done on only one patient (#5) and showed diffuse, wide-spread
macrovesicular steatosis and minimal intrahepatic cholestasis, hepatocyte necrosis, and
inflammation (Figure 3). There was no evidence of bile duct injury, portal inflammation,
ballooning degeneration, Mallory bodies, fibrosis or sinusoidal obstruction.

There were no cases of mortality or liver transplantation directly due to asparaginase-induce
liver injury. Nevertheless, the liver injury delayed re-initiation of chemotherapy in all
subjects. Two subjects died within 6 months of DILI onset, but death was attributed to
progression of leukemia in both. Ascites developed in only one patient, and serum albumin
levels fell below 3.0 in all patients, none developed evidence of frank hepatic failure,
encephalopathy, or variceal hemorrhage. One patient (#6) was re-treated using the same
pegaspargase dose and re-developed liver injury with a similar latency period, but a milder
presentation and course (peak bilirubin 3.8 mg/dL) (Figure 4).

HLA testing was carried out on patients enrolled in DILIN who consented to genetic testing
[14]. Seven of the 8 cases had complete HLA assignment (Table 2). The only HLA type that
was overrepresented was HLA-A*02:01 (allele frequency of 0.50, with expected frequency
among US Caucasians of 0.27 and African Americans of 0.12.). This allele is common in the
general population and has been published to be over-represented in adult populations with
chronic lymphoblastic leukemia [15,16].

The 8 cases reported here were attributed to E. coli derived products, 2 from standard
asparaginase [Elspar] reported in 2007 and 2008, and 6 from pegylated asparaginase
[Oncaspar] reported between 2009 and 2017, but none from Erwinia derived enzyme
[Erwinase]. An analysis of MedWatch reports from a FAERS search request identified more
than 2000 reports in which asparaginase was mentioned. Some reports were duplications,
and most were not well documented or arose in patients receiving other potentially
hepatotoxic agents and had other possible reasons for liver injury. However, instances of
hepatic injury with jaundice and hepatic failure were found with all three formulations.

Discussion

Clinical characterization of 8 cases of asparaginase/pegaspargase hepatotoxicity
demonstrated a consistent clinical phenotype of injury, with rapid onset (9 to 21 days) of
marked jaundice and diffuse hepatic steatosis. Strikingly, all patients developed serum
hypoalbuminemia with albumin levels falling below 3.0 g/dL within 20 to 30 days of first
receipt of asparaginase, but only one developed ascites. INR values also rose but only two
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were 1.5 or above, and no patient developed encephalopathy or variceal bleeding. Hepatic
steatosis persisted in some for several months even while serum enzyme levels improved.
While jaundice was marked, there was little evidence of hepatic failure and all patients
ultimately recovered. The major adverse effect of asparaginase-induced liver injury was
delay in resuming chemotherapy and elimination of asparaginase in the chemotherapy
regimen, which has important clinical implications in view of the documented benefit of
asparaginase in chemotherapy regimens for ALL [17].

Interestingly, in the one patient who was retreated liver injury recurred, but without an
accelerated onset or greater severity, as occurs typically with re-challenge after idiosyncratic
liver injury. These clinical features have been noted in previous publications [5-10]
including the lack of severe recurrence upon restarting the agent after recovery from
hepatotoxicity [18].

The clinical features of asparaginase hepatotoxicity also suggest direct hepatotoxicity as
shown by the short latency, lack of allergic or autoimmune features, rapid decrease in serum
proteins synthesized in the liver, and early development of relatively bland steatosis.
Furthermore, this direct hepatotoxicity was different from the typical injury associated with
direct toxins (high doses of acetaminophen, methotrexate, niacin, amphetamines), in the
variable pattern of serum aminotransferase and alkaline phosphatase elevations and absence
of confluent or massive hepatocyte necrosis on liver biopsy. Liver biopsy in one patient (and
data from previous cases [19,20]) revealed diffuse macrovesicular steatosis in up to 95% of
cells with scant inflammation, necrosis or cholestasis despite ALT levels above 1000 U/L
and bilirubin of 13.7 mg/dL. There was also no ballooning necrosis or perisinusoidal fibrosis
as occurs in non-alcoholic steatohepatitis and in most forms of drug-induced fatty liver (due
to methotrexate, tamoxifen, bleomycin or irinotecan). As shown in this study and in several
previous reports, the steatosis from asparaginase injury can persist for months after clinical
recovery but eventually resolves [19,20]. This pattern of prolonged steatosis with scant
inflammation and necrosis is somewhat reminiscent of the fatty liver of kwashiorkor [21].

The mechanism of hepatotoxicity due to asparaginase is best explained by substrate
depletion of asparagine and possibly glutamine [1,4]. In animal models, asparaginase can
cause diffuse steatosis and rapid decrease in serum protein levels. In one study in rats,
infusions of glutamine blocked this effect, and some degree of glutaminase activity was
identified in bacterially-derived asparaginase. These studies suggest that asparaginase causes
substrate depletion and selective amino acid deficiency in the liver which might lead to loss
of protein and enzyme functions responsible for lipid and bilirubin transport and secretion
and synthesis of the major serum proteins made by the liver. If this hypothesis is correct,
possible therapies for asparaginase hepatotoxicity would be replacement of amino acids or
their precursors.

Recent isolated case reports have suggested that infusions of levocarnitine and vitamin B
complex shorten the course of hepatic injury after use of asparaginase [22-25]. None of the
patients in this report received levocarnitine or amino acid supplements. Controlled trials of
such interventions have not been done and would be difficult in humans with drug-induced
liver injury. Nevertheless, studies in animal models of asparagine and amino acid
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replacement as well as carnitine and antioxidants could provide the necessary impetus to
assess promising regimens and select the proper dose and timing, allowing for comparison to
historical controls to demonstrate sufficient evidence of efficacy from what is likely benign
interventions.

The possible role of asparagine and/or glutamine depletion in the pathogenesis of
hepatotoxicity of asparaginase may also provide clues to the varying susceptibility of
leukemic patients to this injury. Previous studies suggest that 5% to 10% of patients
receiving asparaginase chemotherapy develop liver injury with jaundice [1,5-9], which most
likely represents differences in susceptibility rather than idiosyncrasy. Indeed, previous
studies have indicated that adults, obese and overweight patients and those with diabetes are
more susceptible to asparaginase toxicity than children and normal weight adults without
diabetes [6,26-29]. These differences may reflect variations in metabolic status and
susceptibility to a relative and select amino acid deficiency rather than a genetic or
pharmacologic difference in asparaginase metabolism.

The overrepresentation of HLA-A*02:01 in these 8 cases is interesting considering previous
associations of this class | allele with other leukemias (15) and the potential for asparaginase
to alter amino acid pools. However, HLA-A*02:01 is common in European populations, and
the lack of immune features on laboratory testing and histopathology and the subsequent
tolerance of asparaginase in patients upon re-exposure (18) argues against an HLA class I-
restricted adaptive immune response to asparaginase as a mechanism of the liver injury.

In summary, review of the clinical course of asparaginase hepatotoxicity has confirmed its
distinctive and reproducible phenotypic features. The clinical, biochemical and histologic
features suggest that asparaginase is a direct hepatotoxin, the mechanism of injury being
substrate depletion of secondary necessary amino acids. These conclusions provide
hypotheses that would be appropriate for studies in vivo and in vitro (bedside to bench) as
well as possible means of therapy and prevention of this unique form of liver injury.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Consort Diagram

312 cases possible or
unlikely

i5casesinnon-
malignant disease

A total of 1919 cases have been enrolled in DILIN from 2005-May of 2018. Out of these, 75
cases have implicated antineoplastic agents as definite, highly likely, or probably due to the
drug by the adjudication committee. A total of 8 cases were attributed to asparaginase or

pegaspargase.
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Figure 2: Duration of Total Bilirubin Elevationsin 8 patients with Asparaginase Hepatotoxicity
Each line represents total serum bilirubin level by time after onset of asparaginase/

pegaspargase injury.
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Figure 3: Histopathology of Asparaginase-induced Liver Injury (Case 5)
H&E Stain, 40x Magnification. There is diffuse macrovesicular steatosis affecting more than

90% of hepatocytes but no obvious hepatocyte necrosis or ballooning degeneration and scant
lobular and portal inflammation. Cholestasis is not observed despite a serum total bilirubin
of 13.4 mg/dL on the day of biopsy, 6 days after onset.
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Figure 4: Courseof Liver Injury After Initial and Re-exposureto Aspar aginase (Case #6)
The red line represents the pattern of alkaline phosphatase elevation after initial exposure

and re-exposure to pegaspargase in one patient. The green line represents the pattern of
alanine aminotransferase (ALT) elevation after initial exposure and re-exposure to
pegaspargase in one patient. The blue line represents the pattern of total bilirubin elevation
after initial exposure and re-exposure to pegaspargase in one patient.
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