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Abstract:  Asparaginase is an enzyme that breaks down extracellular 

asparagine into aspartic acid and ammonia. Depletion of extracellular 

asparagine inhibits the growth of lymphocytic leukemic cells. Unlike 

normal cells, lymphoblasts lack the enzyme to synthesize asparagine 

and therefore rely on an exogenous source of this amino acid to 

maintain cellular protein synthesis. Asparagine depletion results in 

nutritional deprivation, inhibition of protein synthesis, and subse-

quent apoptotic cell death in lymphoblasts. Asparaginase therapy is 

an essential component of the treatment protocol for acute lympho-

blastic leukemia. The effect of asparaginase on protein synthesis may 

result in a number of toxicities, including thrombosis, pancreatitis, 

hyperglycemia, and hepatotoxicity. This review discusses the inci-

dence of asparaginase-related adverse events, compares available 

asparaginase formulations with respect to the emergence of certain 

toxicities, and considers management strategies for these toxicities in 

patients with acute lymphoblastic leukemia. 

Introduction 

Asparaginase is an enzyme that causes rapid depletion of extra­
cellular asparagine by hydrolyzing it to aspartic acid and ammo­
nia.1-3 Human lymphoblasts characteristically have low asparagine 
synthetase activity and rely upon exogenous asparagine for pro­
tein synthesis. Asparagine deficiency therefore leads to the death 
of lymphoblasts.4  

L-asparaginase is an essential component of regimens used to 
treat patients with acute lymphoblastic leukemia (ALL).5-8 Three 
formulations of asparaginase are available: native L-asparaginase 
derived from Escherichia coli (native L-asparaginase, Elspar, 
Merck), E. coli L-asparaginase conjugated with polyethylene
glycol (PEG) (pegaspargase, Oncaspar, Enzon) and L-aspar­
aginase derived from the plant bacteria Erwinia chrysan-
themi (Erwinia L-asparaginase, Erwinase), approved in 
Europe but available in the United States with compassion­
ate use protocol through the manufacturer EUSA Pharma. 
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Asparaginase treatment is associated with several adverse 
events, including hypersensitivity reactions, coagulation 
disorders, pancreatitis, hyperglycemia, and hepatotoxic­
ity.9 This review discusses the adverse events associated 
with the use of asparaginase, differences between formu­
lations, and strategies for managing these side effects in 
patients with ALL.

Mechanisms of Toxicity

Hypersensitivity
Immunologic reactions caused by exposure to bacterial 
proteins can be quite common and may range in sever­
ity from localized, transient erythema and rash at the site 
of injection to urticaria, respiratory distress, and acute 
life-threatening anaphylaxis. Hypersensitivity reactions 
are graded according to the Cancer Therapy Evaluation 
Program’s Common Terminology for Clinical Adverse 
Events (Table 1).10  

Coagulation Disorders
The adverse events related to coagulation disorders are 
a product of the drug’s effect on protein synthesis. The 
most consistent findings are reductions in plasmino­
gen, fibrinogen, antithrombin, and factors IX and X 
with prolongation of activated partial thromboplastin 
time.11,12 Deficiencies of protein C and S have also been 
reported.13-17 These deficiencies in anticoagulant proteins 
impair thrombin inhibition or result in excess thrombin 
levels. These results may increase the risk for bleeding 
or thrombosis. Hypofibrinogenemia has been reported 
to occur anywhere from 15–65%. Asparaginase therapy 
may affect the hemostatic system indirectly through the 
effect of supportive care.13 For example, central venous 
line catheters used during treatment may cause throm­
botic complications.18 These complications are believed 
to be due to several mechanisms, including vessel wall 

damage by the catheter itself, as well as the chemothera­
peutic agent. Table 2 presents the diagnosis and clinical 
presentation of thromboembolisms. 

Pancreatitis, Hyperglycemia, and Hepatotoxicity
Causes for pancreatitis, hyperglycemia, and hepatotox­
icity causes are less well defined but may be a result of 
the effect on protein synthesis. Hepatotoxicity has been 
theorized to involve glutamine deficiency, decreased 
hepatic protein synthesis, oxidative stress, and consequent 
impairment of mitochondrial b-oxidation.19-21 Histologic 
results are rarely reported in patients who develop liver 
abnormalities while being treated with asparaginase; 
however, instances of macro- and microvesicular liver 
steatosis have been described.19,22 Microvesicular steatosis 
can lead to liver failure and coma and may be fatal in 
certain instances.

Incidence of Adverse Reactions

Hypersensitivity reactions are the most commonly 
reported adverse reaction. Early studies report these 
reactions in up to 30% of patients.23-25 More recent data 
suggest that the incidence may be closer to 5–15%.26-28

Coagulation disorders can occur in up to one third of 
patients while pancreatitis (2–16%) and hyperglycemia 
(up to 10%) occur less often.29-37 Hepatotoxicity, while 
rare in children, has been reported in one third of adults.19

Incidence of Adverse Reactions in  
Adults versus Children

Hypersensitivity
A study by Advani and colleagues reported that a pro­
portionately greater number of pediatric patients with 
ALL had hypersensitivity/allergic reactions in response to 
asparaginase therapy compared with adult ALL patients 

Table 1.  Evaluation of Injection Site and Hypersensitivity Reactions10 

Adverse Event Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Injection site reaction/
extravasation changes

Pain, itching, 
erythema

Pain or swelling, 
with

inflammation or 
phlebitis

Ulceration or necrosis
that is severe, operative
intervention indicated

— —

Allergic reaction/ 
hypersensitivity

Transient flushing 
or rash, 

drug fever 
<100.4°F

Rash, urticaria, 
dyspnea, 

drug fever >100.4°F 
and/or asymptom­
atic bronchospasm

Symptomatic broncho­
spasm with or without 

urticaria, parenteral 
medication(s) indicated, 

allergy-related  
edema/angioedema

Anaphylaxis Death
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(10 vs 1%).38 These differences may be related to the use 
of different asparaginase formulations; the earlier stud­
ies used native L-asparaginase, whereas this study used 
pegaspargase. The lower rate of hypersensitivity reactions 
in adults reported by Advani and colleagues may also be 
due to the lower number of doses administered in adults 
(average, 2.5 per patient in adults vs 5.2 in children).38 
A recent update of this study reported that 5% of adults 
exhibited allergic reactions.39 Douer and associates 
reported that there were no allergic reactions in 25 adult 
patients treated with intravenous (IV) pegaspargase.26

Coagulation Disorders
Hemostatic complications are less well defined in adult 
ALL patients. Therefore, the majority of data are based 
upon studies in pediatric populations. In adults with 
ALL who are receiving asparaginase therapy, the reported 
overall incidence of thromboembolisms varies from 
4.2–9.6%.11,40-42 The wide variation in incidence reported 
in both pediatric and adult ALL patients may be due to 
differences in the definition of pathology, diagnostic meth­
ods, study design, and the protocols used to treat these 
patients.30,31 A significant majority of thromboembolisms 
occur during early (induction) versus later (consolida­
tion, intensification) phases of treatment. For example, 
in a large-scale retrospective survey of pediatric patients 
with ALL, 90% of thromboembolisms that were reported 
occurred during the induction phase of treatment.43

Hepatotoxicity
Recent data suggest that a greater number of adult patients 
with ALL have hepatotoxicity reactions in response to 
asparaginase therapy compared with pediatric popula­
tions (elevated liver enzymes, 36% vs 20%; hyperbiliru­
binemia, 14% vs 3%; hypofibrinogenemia, 16% vs 2%). 
Overall, results of this study showed that IV pegaspar­
gase is hepatotoxic in approximately one third of adult 
patients.38 A follow-up to this study reported elevated 
liver enzymes in 51% of adult patients treated with IV 
pegasparaginase.39 Of note, pegaspargase-associated hepa­
toxicity reactions have generally been reported to be mild 
and transient.26,38,39  

Adverse Reactions by Asparaginase 
Formulation

Hypersensitivity
Pegaspargase Versus Native L-asparaginase  Covalent 
linkage to PEG blocks potentially immunogenic epitopes 
without obstructing the substrate-interaction site, and 
may thereby reduce the propensity for dose-limiting 
hypersensitivity without functional compromise.44 In the 
Dana-Farber Cancer Institute (DFCI) Childhood ALL 

Consortium protocol 91-01, pegaspargase was associated 
with a significantly lower incidence of mild allergic reac­
tions versus native L-asparaginase. No difference was 
observed in the rates of severe allergic reaction between 
the 2 treatment arms.45 In the Children’s Cancer Group 
CCG-1962 protocol, 3% of patients receiving pegaspar­
gase experienced acute allergic reactions while no reactions 
occurred in the L-asparaginase group. One of the patients 
experienced a grade 1 allergic reaction, and the other 
grade 3 hives.23 Among patients treated on the intensi­
fied post-induction intensification arms of the CCG-
1961 protocol, 54% experienced an allergic reaction to 
pegaspargase; however, these patients had prior exposure 
to asparaginase. Severe allergic reactions were exhibited by 
patients initially receiving native L-asparaginase and later 
exposed to pegaspargase. The authors therefore suggested 
using pegaspargase during induction and all subsequent 
phases of induction therapy.46   

Table 2.  Diagnosis and Clinical Presentation of 
Thromboembolisms57 

Site Clinical signs Incidence

Central 
venous line

Swelling, pain, 
tenderness, erythema 

or discoloration of 
affected limbs, dilated 

vessels, CVL mal­
function, headache, 

swelling of face

5%  
(symptomatic)33,63

29–37%  
(asymptomatic)*33,63

Central 
nervous 
system

Headache, vomiting, 
visual problems, 

neurological deficits, 
seizure, drowsiness, 
or any unexplained 

change in status

2.9%32

Cardiac
CVL malfunction, 

sepsis, congestive heart 
failure

2%  
(symptomatic)30

5%  
(asymptomatic)*33

Deep 
venous

Swelling, pain, 
tenderness, erythema, 

or discoloration of 
affected limb

5–10%  
(symptomatic)30,64

Pulmonary 
embolism

Breathing problems, 
chest pain, hypoxia, 
cyanosis, syncope, 

pneumonia

2%  
(symptomatic)30

*Prophylactic Antithrombin Replacement in Kids with ALL 
(PARKAA) study; native L-asparaginase.

CVL = central venous line. 
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Erwinia L-asparaginase Versus Native E. L-asparagi-
nase  In the DFCI 95-01 protocol, native L-asparaginase 
was associated with more allergic reactions than Erwinia 
L-asparaginase (14% vs 6% respectively, P=.03).28  

Hepatotoxicity
Pegaspargase Versus Native L-asparaginase  In the 
CCG-1962 trial, no patients receiving pegaspargase 
exhibited abnormal liver function, compared with 7% 
of patients receiving native L-asparaginase (eg, aspartate 
aminotransferase, alanine aminotransferase, or alka­
line phosphatase >1.5 times the normal value, or total 
bilirubin >1.5 times the normal value).23 Dinndorf and 
colleagues reported abnormal liver function in 5% of 
patients receiving pegaspargase and in 8% of patients 
receiving native L-asparaginase.47 Reversible elevations in 
liver enzymes (76%) and bilirubin (72%) levels were also 
recently reported with IV pegaspargase.26

Erwinia L-asparaginase Versus Native L-asparaginase 
Versus Pegaspargase  In a recent report presented at 
the annual meeting of the American Society of Clini­
cal Oncology, Erwinia L-asparaginase had a statistically 
significantly lower incidence of liver dysfunction (24%) 
compared with native L-asparaginase (50%) and 
pegaspargase (58%; P<.0001).48

Erwinia L-asparaginase Versus Native L-asparaginase 
Duval and coauthors reported hepatotoxicity (World 

Health Organization grade 3–4) in 4.5% of pediatric 
patients receiving native L-asparaginase versus 3.8% of 
patients receiving Erwinia L-asparaginase (P=NS).49 

Management Strategies

Hypersensitivity
Antihistamines can be used to prevent or treat urticaria. 
However, more severe reactions often require discontinu­
ation of the specific drug formulation and switching to 
an alternative asparaginase formulation. Anaphylactic 
reactions can be managed by epinephrine and steroids.3 

Combination chemotherapy with vincristine and gluco­
corticoid may also help avoid allergic reactions, through 
immunosuppression.50,51

Coagulation Disorders
Managing a thromboembolism presents unique chal­
lenges in terms of balancing the risks versus benefits of 
therapy. Conservative therapy may lead to clot extension 
and increased morbidity related to the thromboembolism. 
Aggressive therapy may result in bleeding complications 
due to thrombocytopenia and coagulopathy from con­
current chemotherapy.52,53 Several management strategies 
based upon the site of pathology are given in Table 3.  

When acute and symptomatic thromboembolisms 
are related to the central venous line, management 
depends on the need to keep the line in place. If the line 
is no longer required, it should be removed.54 If central 

Types of  
Thromboembolisms Management Strategies

Central venous  
line-related  
thromboembolisms

Acute and symptomatic 
•  Remove line if no longer required
•  Consider anticoagulant therapy 3–5 days before line removal
•  �LMWH anticoagulant therapy with line in place if access is still 

required and properly functioning

Asymptomatic (radiographically detected)
•  Ensure patency of line
•  �LMWH anticoagulation therapy in the absence of contraindications

Central nervous system  
thromboembolisms

Supportive care
•  �Anticoagulation therapy unless major central nervous system  

hemorrhage (3–6 months)
•  �Unfractionated heparin or low molecular weight heparin 1 week, 

followed by oral anticoagulant
•  �Consider antithrombin in cases with no response to anticoagulation
•  �Re-exposure to asparaginase under cover of anti-coagulant  

prophylaxis

Cardiac  
thromboembolisms

•  Chronic anticoagulation for 6 months

Table 3.  Management 
Strategies for 
Thromboembolisms54,55
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venous line access is required, the line may be removed 
and another line inserted into another vein. If the line 
must remain in place, anticoagulation therapy should be 
given.55 Treatment with anticoagulation should also be 
considered for significant venous thrombosis. This treat­
ment decision should take into account the elevated risk 
of bleeding complications due to thrombocytopenia from 
concurrent chemotherapy. 

The recommended therapy for CNS thromboem­
bolisms includes anticoagulation therapy with/without 
antithrombin concentrates for the initial treatment 
phases and, in some cases, antithrombin concentrates 
for secondary prophylaxis.54 Patients can be re-exposed 
to asparaginase with concurrent anticoagulant pro­
phylaxis. The use of unfractionated heparin versus low 
molecular weight heparin must be determined on a 
case-by-case basis.  

The clinician should also be aware of bleeding risks 
during treatment. Hypofibrinogenemia is common dur­
ing therapy and should be handled cautiously with the 
thrombosis concerns. Current data are lacking as to 
whether or not fibrinogen levels should be monitored and 
cryoprecipitate given when low. The risk of thrombosis 
should be considered before administration of any blood 
products that may further increase this risk. 

Future management/prevention strategies incorpo­
rating evidence-based risk stratification may help identify 
groups at high risk for thromboembolisms or bleeding 
who may be candidates for intensified therapy, and low-
risk groups that may benefit from treatment reduction. 

Pancreatitis
Pancreatitis associated with asparaginase therapy is 
usually not life-threatening and shows a favorable 
response to nasogastric decompression and IV hyper­
alimentation.56 A recent study suggested that severe 
L-asparaginase-associated pancreatitis may be effectively 
managed through continuous regional arterial infusion 
of a protease inhibitor with concomitant antibiotic 
administration.57 Octreotide, a synthetic somatostatin 
analog with a prolonged half-life, has been demonstrated 
as safe and effective for use in the management of pan­
creatitis in both adults and children.34,35,58,59 It has no 
effect on asparaginase metabolism and may be useful for 
preventing pancreatitis in recovering patients.35 Doses 
varied from 3.5–7.2 µ/kg/day as a continuous infusion 
and were tapered over a period of 1–2 weeks.60,61 In rare 
instances, asparaginase-induced pancreatitis may be 
life-threatening, and asparaginase must be terminated. 
However, since asparaginase therapy remains a key 
component of effective ALL treatment, rechallenge with 
asparaginase may be considered after recovery from 
acute pancreatitis.35  

Although asparaginase-associated pancreatitis has 
been reported for more than 30 years, the mecha­
nism of this toxicity remains unclear.62 Knowledge of 
potential predisposing factors would enable the effec­
tive modification of currently available treatment and 
management regimens.

Hyperglycemia
Improving glycemic control through diet and exercise, 
monitoring urine glucose, and controlling blood glucose 
with insulin therapy in severe cases have been suggested to 
improve the outcomes of hyperglycemia in patients with 
ALL treated with asparaginase.37 

Hepatotoxicity
All patients receiving chemotherapy require careful assess­
ment of liver function before treatment to determine 
which drugs may not be appropriate and which drug 
doses should be modified. It is important to distinguish 
between liver abnormalities resulting from malignancy 
and those that are treatment-emergent. Additionally, 
other comorbid conditions, such as hepatitis, should 
be taken into consideration.22 In patients treated with 
asparaginase, liver-related blood tests should be routinely 
assessed before and during the course of therapy, as other 
drugs (vincristine, anthracyclines) used concomitantly in 
the treatment of ALL may need to be adjusted to avert/
reduce toxicity.

Conclusions and Future Directions

Asparaginase therapy remains a cornerstone of ALL treat­
ment. Although asparaginase-associated adverse events 
are an important consideration, severe adverse events 
rarely occur. Further, the toxicity profile is generally 
comparable among commercially available preparations, 
with hypersensitivity reactions being the most commonly 
reported side effect. The effective management of aspar­
aginase-associated toxicities is crucial, as adverse events 
can lead to a reduction of the dose or the discontinua­
tion of treatment, increasing the risk of a poor outcome. 
For example, in adults the historical association between 
asparaginase treatment and severe toxicities has led to the 
exclusion of asparaginase from the treatment regimen or 
the use of lower doses of the enzyme. However, in recent 
clinical trials, asparaginase was well tolerated and toxici­
ties were easily managed in adults with ALL. These data 
underscore the importance of addressing the management 
of asparaginase-associated adverse events, thereby helping 
patients and their healthcare team effectively manage the 
anticipated side effects of chemotherapy. Regular assess­
ment and the early reporting of symptoms may avoid 
potentially serious consequences. A proactive, integrative 
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approach involving both the healthcare team and the 
patient may help alleviate patient anxiety and assist in the 
selection of appropriate interventions.

Therefore, a greater awareness of the range and sever­
ity of asparaginase-associated adverse events, and how 
they differ among available formulations, can aid the early 
detection and monitoring of treatment-related side effects 
and facilitate the development of more effective, standard­
ized management strategies. Recognizing adverse events 
through consistent patient and caregiver communication 
may improve the management of adverse events and allow 
most patients to continue their asparaginase treatment. 
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