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ABSTRACT
With recent prospective clinical trials that used paediatric 
regimens with multiple doses of pegylated form of 
asparaginase (PEG asparaginase) in adults reporting 
significantly improved survival compared with historical 
data with regimens that used less asparaginase, PEG 
asparaginase is increasingly being used in the treatment 
of adult acute lymphoblastic leukaemia (ALL). However, 
administering asparaginase still comes with its challenges, 
especially in adult patients. Therefore, it is important 
to understand how to manage its toxicities properly. An 
expert group met in November 2019 in London to discuss 
recent data of paediatric as well as adult studies using 
paediatric regimens with regard to the best management 
of several key toxicities that can occur in adults treated 
with asparaginase including hepatotoxicity, pancreatitis, 
hypertriglyceridaemia, thrombosis and hypersensitivity. 
Several recommendations were made for each one of 
these toxicities, with the goal of safe administration of 
the drug and to educate clinicians when the drug can be 
continued despite side effects.

INTRODUCTION
Despite its use in the treatment of acute 
lymphoblastic leukaemia (ALL) for more 
than four decades, administering asparagi-
nase still comes with its challenges, especially 
in adult patients.

There are several reasons for this. The drug 
has a unique toxicity profile, different from 
any other chemotherapy drug. Adult oncol-
ogists are less familiar with asparaginase and 
its side effects, as the drug is predominantly 
used in ALL which is rare in adults. The toxic-
ities can be serious; however, early discontinu-
ation or dosing changes of the drug are often 
not necessary and could result in losing the 
improved reported outcome from multiple 
doses of asparaginase.1 Several randomised 
trials in children have shown that patients 
who had received prolonged post remission 
asparaginase had a significantly better survival 
rate than patients without post remission 
asparaginase.2 3 Other paediatric trials have 
shown that longer duration of asparaginase 

administration resulted in more favourable 
outcomes than shorter duration.4

Currently, the long-acting pegylated form 
of asparaginase (PEG asparaginase) is used 
more often than the short-acting native 
Escherichia coli derived form. Due to their 
success in the treatment of childhood ALL, 
paediatric or paediatric-inspired regimens 
with multiple doses of PEG asparaginase 
are increasingly being used in the treatment 
of newly diagnosed adult ALL. Prospective 
clinical trials using paediatric or paediatric-
inspired regimens have shown a higher cure 
rate among adults compared with historic 
regimens with much less asparaginase.5–11 
The results are especially good in those who 
achieve an early minimal residual disease 
negative status.5 11

Of note, asparaginase is also particularly 
important in improving the outcome of child-
hood T-cell ALL.12 In adults, 25% of patients 
with ALL have the T-cell subtype and their 
outcome with regimens with no or few aspar-
aginase doses (ie, the hyper-CVAD chemo-
therapy) is particularly poor.13 14 A recent 
study by the Nordic Society of Pediatric 
Hematology and Oncology (NOPHO) ALL 
Group confirmed the importance of aspara-
ginase in T-ALL and the outcome in patients 
aged 18–45 years was excellent.15

Taken together, as PEG asparaginase is 
increasingly being used in the treatment of 
adult ALL including T-ALL, it is important 
to understand how to manage its toxicities in 
adults properly.16

An expert group met in November 2019 in 
London to discuss recent data of paediatric 
as well as adult studies using paediatric regi-
mens with regard to the best management of 
several key toxicities that can occur in adults 
treated with asparaginase including hepato-
toxicity, pancreatitis, hypertriglyceridaemia, 
thrombosis and hypersensitivity.

http://www.esmo.org/
http://esmoopen.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/esmoopen-2020-000858&domain=pdf&date_stamp=2020-10-19
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HEPATOTOXICITY
Hepatotoxicity is the most common adverse effect of PEG 
asparaginase therapy in adults, manifesting as hyperbili-
rubinaemia and/or transaminitis. High-grade (grade 3 or 
4) hyperbilirubinaemia has been reported in 25%–40% 
of adults treated with paediatric-inspired regimens5 9 17–19 
and transaminitis in >50%.5 9 20 The risk of asparaginase-
induced high-grade hyperbilirubinaemia increases with 
age, higher doses and obesity.17 20 21 In a univariate analysis 
performed by the German Multicenter Study Group for 
Adult ALL (GMALL), age >45 years and dose above 1000 
IU/m2 correlated with high-grade hyperbilirubinaemia.17 
The Dana Farber Cancer Institute studied patients aged 
18–50 years who initially used PEG asparaginase of 2500 
IU/m2/dose every 2 weeks which resulted in excessive 
hepatotoxicity. After the protocol was amended and the 
dose was reduced to 2000 IU/m2/dose every 3 weeks, the 
rate of hyperbilirubinaemia was significantly lower.6

Doctors who use paediatric-inspired regimens that 
include multiple doses of PEG asparaginase have several 
management dilemmas when faced with hyperbiliru-
binaemia, and it is important to be familiar with its 
characteristics.18

First, the morbidity of asparaginase-related hepato-
toxicity is generally low, transitory and without hepatic 
failure.9–18 22 23 The aetiology of asparaginase-related hepa-
totoxicity remains uncertain. Hepatic failure was reported 
in only 1% of patients in the adult Cancer and Leukaemia 
Group B (CALGB) 10403 study.22 The clinical impact of 
the high rate of asparaginase-related hepatotoxicity could 
be related to its long duration. High-grade hepatotoxicity 
may last for a month from onset to recovery and may 
cause delay of subsequent chemotherapy cycles.18

Second, high-grade hyperbilirubinaemia mostly occurs 
after the first asparaginase dose during induction and less 
often in subsequent cycles,5 6 18 24 that is, perhaps at a time 
when patients are likely to have leukaemic infiltration of 
the liver.

Third, when patients did not discontinue asparaginase, 
nor underwent dose reduction (due to hepatotoxicity), 
and then were re-challenged with the drug, high-grade 
hepatotoxicity generally did not recur.5 6 18 24

Administering multiple successive asparaginase doses 
to adults despite prior hepatotoxicity is important since 
dose omission and/or lower total asparaginase dosing 
may jeopardise outcomes.1–3

Asparaginase, a key drug in all paediatric regimens, 
is not myelosuppressive. In fact, paediatric regimens 
typically use more non-myelosuppressive drugs such as 
vincristine and steroids; myelosuppressive drugs (such 
as daunorubicin) are minimised and are mostly used in 
induction. During induction it is important to synchro-
nise the timing of the myelosuppressive drug with that of 
PEG asparaginase. One approach is to give daunorubicin 
only during the first 3 days of induction and to administer 
PEG asparaginase later, on days 16–17.9 23 24 By that time 
mid-induction (days 16–17), the severe neutropenia from 

daunorubicin myelosuppression sufficiently recovers, 
and PEG asparaginase-related high-grade hyperbiliru-
binaemia would not occur while the patients have a 
high risk for neutropenic sepsis.18 Two studies from the 
University of Southern California9 23 support this synchro-
nisation approach, since the induction death among 76 
patients was only 1%. In contrast, the UKALL14 study did 
not use this synchronisation strategy in a slightly older 
patient population19; PEG asparaginase was initially given 
on days 4 and 18 and daunorubicin weekly for 4 weeks 
throughout induction. The induction death rate among 
the first 91 patients was high (18%) due to neutropenic 
sepsis which occurred during asparaginase-related high-
grade hepatotoxicity. The protocol was amended: PEG 
asparaginase was given only on day 18 and the dose of 
daunorubicin was reduced, resulting in a significantly 
lower (2.5%) induction death in the subsequent 244 
patients.

Hepatic steatosis can be seen post-PEG asparaginase, 
often in patients with high-grade hyperbilirubinaemia. 
In one small study, all eight patients with high-grade 
hyperbilirubinaemia had hepatic steatosis. However, no 
evidence of liver failure was reported in patients with 
hepatic steatosis.18 25–28 Hepatic steatosis can be present 
before the first dose of PEG asparaginase but the prac-
tice of performing liver ultrasound is debatable and not 
widely applied. Others perform liver ultrasound and 
detected steatosis leads to a lower dose of PEG asparagi-
nase.17 This is because steatosis was reported to be associ-
ated with a significant threefold bilirubin increase which 
delays treatment of asparaginase and the other chemo-
therapy regimen.17

Single case observations and small case-series reported 
that L-carnitine can result in rapid amelioration of PEG 
asparaginase-induced hyperbilirubinaemia.29 A prospec-
tive clinical trial (NCT03564678) is testing levocarnitine’s 
role.

Recommendation from the roundtable regarding the 
management of hepatoxicity

►► The recommended dose of PEG asparaginase is not 
finalised, although in adults it is not greater than 2000 
IU/m2. Several studies use 2000 IU/m26 9 17 18 24 while 
others use 1000 IU/m2 with good results.17 30 The 
rarity of severe clinical liver disease and the revers-
ibility of hepatotoxicity during induction therapy 
suggest continuation of PEG asparaginase therapy 
without dose modification when hyperbilirubinaemia 
and transaminitis occur. However, some investiga-
tors argue that after high-grade hyperbilirubinaemia 
its long duration can delay the next cycle of chemo-
therapy and thus recommend dose reduction in the 
subsequent dose to 1000 IU/m2 or 500 IU/m2 and 
try thereafter to give full doses. In patients with high 
risk of severe clinical liver toxicity including morbid 
obesity, that is, a body mass index (BMI) >30–35, age 
>45–50 years and a history of liver disease, the GMALL 
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group reduces all doses of PEG asparaginase to 1000 
or even 500 IU/m2.

►► The risk can be further reduced by administration of 
myelosuppressive drugs (such as daunorubicin) early 
in induction therapy and PEG asparaginase 2 weeks 
later.

PANCREATITIS
Another common asparaginase-related adverse event is 
clinical pancreatitis which in adults should always lead to 
discontinuation of any form of asparaginase. It should be 
distinguished from chemical pancreatitis (high amylase 
and lipase without clinical symptoms of pancreatitis) in 
which asparaginase should be continued.

Although the pathophysiology remains elusive, clinical 
asparaginase-associated pancreatitis (AAP) occurs with an 
incidence of 2%–18% in adult patients with ALL treated 
with paediatric-inspired asparaginase regimens.5 9 10 16 18 
Short-term acute complications of AAP include systemic 
inflammatory response syndrome (SIRS), hypergly-
caemic, development of pseudocysts and pancreatic 
necrosis, while long-term complications include insulin-
dependent diabetes and chronic pancreatitis, although 
the later weans off within 5–6 years after cessation of anti-
leukaemic therapy.31 Several studies have reported that 
older age and higher cumulative asparaginase dose and 
duration32 correlate with higher incidences of pancre-
atitis, but these as well as host genome variants33 are too 
weak predictors to be applied for asparaginase treatment 
stratification.

Doctors should be aware and anticipate this side effect, 
as pancreatitis may easily be misinterpreted as other 
abdominal complications or sepsis. It is important to 
educate the patient to be aware of pancreatitis symptoms 
and alert their treating physicians at the onset of these 
symptoms. Diagnostic tests should include imaging as 
well as both lipase and amylase.31 Immediate supportive 
treatment includes no oral intake, intravenous hydration, 
antibiotics and analgesic medication, although it remains 
unknown if this prevents progression to SIRS, pseudocyst 
and haemorrhagic pancreatitis.

It is a general understanding that there is a higher risk 
of recurrent pancreatitis with re-exposure to asparagi-
nase following an initial diagnosis of pancreatitis. Almost 
all re-exposures were reported in children with reoc-
currence rates of 44%–63%.31 34 35 In childhood ALL, a 
study by Wolthers et al31 reported that risk of second AAP 
is not more severe than the first AAP and is not associ-
ated with any other clinical parameters. Since a second 
AAP did not involve an increased risk of complications 
and since the second episode occurred after a median of 
several additional doses of PEG asparaginase, the authors 
carefully argued that asparaginase re-exposure should be 
determined mainly by the anticipated need for asparagi-
nase for antileukaemic efficacy.31 However, in adults the 
approach still is to permanently discontinue asparaginase 
for symptomatic pancreatitis, because of the potential 

severe morbidity or even mortality if asparaginase is given 
again.16 Pancreatitis is usually the main reason for termi-
nation of asparaginase treatment in adults. However, in 
asymptomatic patients with elevated amylase or lipase 
(so-called ‘chemical pancreatitis’), asparaginase should 
be continued.16

Recommendation from the roundtable regarding the 
management of pancreatitis

►► Educate the patient to report any symptoms for an 
early diagnosis of pancreatitis and obtain imaging on 
suspicion of pancreatitis.

►► Immediately on the diagnosis of clinical pancreatitis 
start treatment with no oral intake, hydration as well 
as antibiotic and analgesic medication.

►► Asparaginase should be permanently discontinued in 
adult patients with symptomatic pancreatitis.

HYPERTRIGLYCERIDAEMIA
True incidences of hypertriglyceridaemia in adults treated 
with paediatric-inspired asparaginase regimen are not 
exactly known, but several prospective studies of paediatric 
patients and young adults with ALL reported 1%–18% 
incidences of grade 3–4 hypertriglyceridaemia.5 9 10 16 18 
In another study, grade 3–4 hypertriglyceridaemia was 
reported in 50% of the patients.20 In a study conducted 
at Memorial Sloan Kettering Cancer Center where triglyc-
eride (TG) levels were measured twice a week for at least 
2 weeks following each PEG asparaginase dose regardless 
of symptoms, grade 3–4 hypertriglyceridaemia rates of 
59% were observed and in a multivariate analysis, older 
age and higher PEG asparaginase doses were associ-
ated with higher incidences of hypertriglyceridaemia.36 
Although higher-grade hypertriglyceridaemia rarely 
leads to any clinically significant medical complications, 
TG can clog laboratory devices causing interference with 
the measurement of routine blood biochemical tests and 
therefore treatment delays.

Adjustments or discontinuation of asparaginase 
therapy are generally not necessary. Several treat-
ment approaches have been reported for patients with 
hypertriglyceridaemia. Strong evidence for any specific 
option is lacking, and there is currently no standard 
treatment for hypertriglyceridaemia. However, moni-
toring strategy can be adopted, of checking a baseline 
TG level before starting asparaginase, especially for 
older adults, and starting a fibrate if TG levels reach 
≥1000 mg/dL to prevent high TG interfering with labo-
ratory testing.

Elevated lipids have been associated with risk of osteo-
necrosis in children,37 but similar studies are lacking for 
adults. Both hypertriglyceridaemia and pancreatitis occur 
with PEG asparaginase, however early discontinuation of 
asparaginase or overtreating hypertriglyceridaemia can 
be avoided since no correlation was found between the 
two toxicities.20 38–40
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Recommendations from the roundtable regarding the 
management of hypertriglyceridaemia

►► Adjustments or discontinuation of asparaginase 
therapy in case of hypertriglyceridaemia are not 
necessary.

►► Several interventions, including fibrates, may reduce 
hypertriglyceridaemia, but data are lacking to support 
that this reduces the risk of thromboembolism (TE), 
osteonecrosis or pancreatitis.

►► Monitoring of lipids is recommended in a research 
setting and can be considered in clinical practice.

THROMBOSIS
With the recent increased use of asparaginase and inten-
sified use of dexamethasone partly due to paediatric-
inspired therapy among adults with ALL,10 TE has 
become a frequent and serious treatment-related toxicity 
challenging protocol adherence and cure rates.41 42 Most 
TE cases occur during asparaginase and corticosteroid 
therapy.43–47 Asparaginase has been associated with 
increased levels of procoagulant factors,48–52 while corti-
costeroids may inhibit fibrinolysis by increasing levels 
of factor VIII, von Willebrandt factor (vWF) and plas-
minogen activator inhibitor-1.48 53

The reported incidence of symptomatic TE in child-
hood ALL is about 5%, but increases with age41 42 45 49 54 55 
already at the age of 10 years. When including asymptom-
atic cases, TE has been reported in up to 37%–73% of 
children.56 57 TE incidence is for adults 1.4%–2.2% at diag-
nosis43 58 and 5%–41% during chemotherapy.47 52 54 55 59–63

In the NOPHO ALL-2008 protocol (2008–2017) that 
recruited patients aged 1–45 years, the 2.5-year cumulative 
incidence of TE was 7.9%, being higher in patients aged 
10–17 years as well as 18–45 years (15%–20%; p<0.0001). 
Adjusted HR (HRa) were associated with greater age 
(10.0–17.9 years: HRa 4.9, 95% CI 3.1 to 7.8, p<0.0001; 
18.0–45.9 years: HRa 6.06, 95% CI 3.65 to 10.1, p<0.0001) 
and mediastinal mass at ALL diagnosis (HRa 2.1, 95% 
CI 1.0 to 4.3, p=0.04). Compared with younger patients, 
those aged 18.0–45.9 years had an increased hazard of 
pulmonary embolism, while those aged 10.0–17.9 years 
had an increased hazard of cerebral sinus venous TE. Five 
deaths were attributable to TE.10

Genome-wide association studies have so far not identi-
fied significant single nucleotide polymorphisms (SNPs) 
associated with TE in children. As an alternative, NOPHO 
explored the impact of SNPs that in the general popu-
lation has been associated with TE. They interrogated 
four TEhigh risk SNPs (F5 rs6025, F11 rs2036914, FGG 
rs2066865, ABO rs8176719) among 1252 patients with 
ALL (aged 1–45 years). F11 rs2036914 was significantly 
associated with TE (HR 1.52, 95% CI 1.11 to 2.07), while 
FGG rs2066865 was borderline significantly associated 
(HR 1.37, 95% CI 0.99 to 1.91). A genetic risk score based 
on F11 rs2036914 and FGG rs2066865 was associated with 
TE (HR 1.45 per risk allele, 95% CI 1.15 to 1.81). Impor-
tantly, the association was significant for adolescents aged 

10.0–17.9 years (HR 1.64), whereas the risk for TE was 
high in adults aged 18–45 years independently of their 
genetic risk score.64

TE may lead to truncation of asparaginase therapy, 
which in several studies have been associated with 
increased risk of relapse. Continuation of asparagi-
nase therapy is thus generally recommended after TE 
with co-administration of low molecular weight heparin 
(LMWH).20 55 65 Although randomised studies have not 
been performed, for central nervous system TE, there is 
a lack of data to clarify whether re-exposure to asparagi-
nase is safe. Randomised trials on TE prophylaxis are also 
lacking in adults, although a recent paediatric randomis-
ation gave support to prophylactic use of LMWH during 
induction therapy.66

Hypofibrinogenaemia often occurs after PEG aspar-
aginase administration but bleeding is rare.9 20 23 Cryo-
precipate replacement contains prothrombotic factors 
including vWF and factor VIII, which may promote 
thrombosis. Its administration was reported to be asso-
ciated with a higher rate of thrombosis.20 65 The panel 
therefore discourages the use of cryoprecipitate replace-
ment in the absence of active bleeding or planned surgical 
intervention.

Recommendation regarding the management of thrombosis
►► Continuation of asparaginase therapy is recom-

mended after TE with co-administration of LMWH.
►► A recent paediatric randomisation gave support to 

prophylactic use of LMWH but in adults prophylactic 
LMWH is controversial and is not routinely applied.

HYPERSENSITIVITY
One notable asparaginase adverse effect is hypersensi-
tivity. This is because asparaginase is a foreign protein 
synthesised by either E. coli (native enzyme or PEG aspar-
aginase) or Erwinia chrysanthemi (Erwinia asparaginase). 
Hypersensitivity can pose symptom management chal-
lenges and significant long-term clinical outcome rami-
fications since enzymatic inactivation of the drug can 
occur with hypersensitivity. Asparaginase can provoke 
symptomatic (ie, overt or clinical) hypersensitivity or 
silent hypersensitivity through asparaginase antibody 
formation. Silent asparaginase antibodies may complicate 
therapy via enzymatic pharmacokinetic and pharmacody-
namic effects.37 67

The asparaginase agent and its route of delivery also 
appear to impact hypersensitivity risk, with the native 
enzyme and intramuscular delivery demonstrating 
higher hypersensitivity rates compared with PEG aspar-
aginase/Erwinia and intravenous administration, 
respectively.68

Several confounding factors may complicate adult 
hypersensitivity management. First, while the constel-
lation of symptoms that may accompany clinical hyper-
sensitivity are well described, different grading systems 
exist, which may render if difficult to compare data 
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across agents and across clinical trials. Second, consider-
able overlap exists between low-grade clinical hypersen-
sitivity, an immune-mediated process, and symptomatic 
hyperammonaemia, a function of rapid ammonia libera-
tion—from the hydrolytic enzymatic activity—during and 
shortly after asparaginase administration.69 70

Clinical hypersensitivity presents with anaphylaxis or 
symptoms that include dyspnoea, pruritus, oedema, rash, 
cough and vomiting, which often lead to discontinua-
tion of treatment. Anaphylaxis and other severe forms of 
clinical hypersensitivity is an indication for asparaginase 
infusion interruption and parenteral medication (eg, anti-
histamines, glucocorticoids, acetaminophen and when 
necessary epinephrine). With high-grade clinical hyper-
sensitivity and/or low enzymatic activity of asparaginase, 
patients should be switched to Erwinia asparaginase.71

Clinical hypersensitivity to PEG asparaginase is less 
common in adults than children16; 1%–23% of adult PEG 
asparaginase recipients experience hypersensitivity reac-
tions of any grade and high-grade (≥3) hypersensitivity 
reactions are seen in 2%–10% of patients.5 9 72

Silent inactivation is particularly relevant, as the 
decreased asparaginase activity is asymptomatic and will 
stay undetected if asparaginase activity is not monitored. 
In the case of diagnosed silent inactivation, the standard 
step of management is the prompt switch to Erwinia 
asparaginase therapy71 73; although in some patients 
treated with PEG asparaginase, the inactivating anti-
bodies may be directed towards the PEG moiety rather 
than asparaginase.

With similar symptoms to those of real allergic hyper-
sensitivity reactions, non-allergic infusion reactions are 
becoming more common with the use of intravenous PEG 
asparaginase. These non-allergic infusion reactions often 
occur shortly into the infusion.69 70 A switch to Erwinia 
asparaginase is not necessary for these infusion symptoms 
that are related to hyperammonaemia.

In suspected hypersensitivity, it may be helpful to 
measure the activity of asparaginase through therapeutic 
drug monitoring (TDM).

Therapeutic drug monitoring
In addition to the identification of patients with silent 
inactivation, TDM of asparaginase may help distinguish 
between clinical hypersensitivity and non-allergic infu-
sion reactions.74 75

TDM can also be used for adjusting asparaginase doses, 
but there is no sufficiently vetted algorithm to support 
this approach yet and this is not performed routinely 
outside of clinical trials.54

There are different ways to undertake TDM of asparagi-
nase therapy, yet expert consensus recommends the moni-
toring of serum asparaginase activity (SAA), which is now 
most used in practice.31 To date, an SAA level ≥0.1 IU/mL 
appears to be a reasonable target level to ensure thera-
peutic benefit.74

To provide recommendations for measurement of 
asparaginase activity, Salzer et al74 propose a treatment 

algorithm to guide the use of activity monitoring in 
patients receiving PEG asparaginase therapy for ALL 
(figure 1).

There is not a standardisation of TDM for adults, 
however adult prospective clinical studies should incor-
porate TDM and report on it.

Premedication
A recent single-institution retrospective study of paedi-
atric patients with ALL analysed hypersensitivity data 
from two cohorts76: one group of patients who were 
treated prior to the institution performing asparaginase 
premedication and a second later cohort who received 
standard premedication. Premedication with histamine 
antagonists, acetaminophen and (in some cases) corti-
costeroids was associated with both a lower rate of substi-
tutions of PEG asparaginase to Erwinia asparaginase and 
lower acute adverse event rates. Patients who received 
premedication prior to PEG asparaginase demon-
strated rare silent inactivation on SAA measurements 
1 week postdose. Also, a substantial financial saving was 
achieved in the premedication cohort, as fewer patients 
required Erwinia asparaginase. Interestingly, in a large 
US trial (CALGB 10403) using a paediatric regimen in 
adults aged 17–39 years, the rate of high-grade hyper-
sensitivity was 10% of the patients. After an amendment 
that mandated premedication with acetaminophen and 
hydrocortisone before each dose of PEG asparaginase 
the rate decreased to 4%.5

Importantly, if premedication is administered, TDM 
should become mandatory in order not to miss silent 
inactivation, although the yield of finding inactivation 
would be low even if done after every dose.

Figure 1  Algorithm for pegylated form of asparaginase 
(PEG asparaginase) activity monitoring administration.74 
Reproduced with permission from Taylor and Francis Group.
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Recommendations from the panel regarding the management 
of infusion-related reaction

►► Systematic and standardised TDM detects silent inac-
tivation, distinguishes between true hypersensitivity 
versus other infusion reactions, and allows premedi-
cation, thus permitting more patients to benefit from 
asparaginase.

►► If hypersensitivity occurs, all subsequent doses of PEG 
asparaginase (including the dose that caused the 
reaction) should be switched to Erwinia asparaginase. 
Discontinuation of PEG asparaginase for hypersen-
sitivity without replacing all subsequent scheduled 
PEG asparaginase doses with Erwinia asparaginase 
was associated with inferior disease-free survival.1 On 
the other hand, after a clinical or silent allergic reac-
tion, switching and replacing all subsequent sched-
uled doses with Erwinia asparaginase had a similar 
outcome to receiving all scheduled doses of PEG 
asparaginase.1 71

CONCLUSION
Prolonged postremission asparaginase is a key compo-
nent of a multiagent chemotherapy regimen for patients 
with newly diagnosed ALL, as confirmed in children by 
several randomised clinical trials. A recent study in chil-
dren reported that discontinuation of asparaginase doses 
is often associated with inferior outcome.1 In adults, 
recent prospective clinical trials that used paediatric or 
paediatric-inspired regimens with multiple doses of PEG 
asparaginase have reported significantly improved survival 
compared with historical data with regimens that used 
less asparaginase. However, since asparaginase is almost 
exclusively used in ALL, clinicians who treat adults are 
less familiar with the drug and may be reluctant to use it 
or discontinue it prematurely. The expert panel reviewed 
the most common toxicities of asparaginase (ie, hepa-
toxicity, pancreatitis, hypertriglyceridaemia, thrombosis 
and hypersensitivity) and how to manage them. Several 
recommendations were made for each one of these toxic-
ities, with the goal of safe administration of the drug and 

Table 1  Pegylated form of asparaginase (PEG asparaginase) toxicities prevention and management

Toxicity Prevention Treatment

Hepatotoxicity High-grade 
hyperbilirubinaemia

Reduce dose for age >55 and BMI 
>35

*See footnote

 �   �  De-synchronisation of the 
administration of PEG asparaginase 
and myelosuppressive drugs

Try to avoid giving PEG asparaginase 
concomitantly with myelosupressive drugs

 �  Liver steatosis Liver ultrasound †See footnote

 �   �  Synchronisation of PEG 
asparaginase and myelosuppressive 
drugs

 �

Pancreatitis Clinical Avoid after clinical PEG 
asparaginase-associated 
pancreatitis

Early recognition and treatment
Permanent discontinuation

 �  ‘Chemical’  �  Continue dosing

Hypertriglyceridaemia  �   �  Continue dosing

Thrombosis  �  Possible low molecular weight 
heparin (controversial)
Possible antithrombin III 
(controversial)
Minimise cryoprecipitate for 
hypofibrinogenaemia

Continue dosing with co-administration of 
low molecular weight heparin
Possible antithrombin III (needs more 
study)

Hypersensitivity  �  Premedication with hydrocortisone, 
antihistamine and acetaminophen 
before each dose

Distinguish between allergic and non-
allergic infusion reaction with the use of 
postdosing therapeutic drug monitoring
Allergic reaction—switch to Erwinia 
asparaginase
Non-allergic reaction—no switch, continue 
all doses of PEG asparaginase

*For high-grade hyperbilirubinaemia and transaminitis: some members of the panel reduce the dose of the next PEG asparaginase to 1000 or 
500 and try thereafter to administer the full doses. Others continue after recovery without dose modification. We suggest that clinicians follow 
the approach of the protocol they use.
†There is no consensus in the literature and among the panel members about the value of ultrasound and dose reduction. However, it is not 
widely practised and currently the panel cannot make a specific recommendation on pre-PEG asparaginase liver ultrasound.
BMI, body mass index.
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to educate clinicians when the drug can be continued 
despite side effects. With the recent studies showing clin-
ical benefit of paediatric regimens in adults with ALL, this 
information will help clinicians who use such regimens in 
this patient population.

Table 1 summarises prevention and management of the 
discussed PEG asparaginase toxicities.
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