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Abstract

L-asparaginase (L-asp) is an antineoplastic drug used in Leukemia and Lymphoma treatment pro-
tocols. Alterations in lipid metabolism have been reported in 10-50% of children treated with L-
Asp. Objective: To report an unusual complication of lipid metabolism associated with the use 
of L-Asp. Clinical Case: We describe the clinical picture of an adolescent who, during treatment 
for Lymphoblastic Non-Hodgkin Lymphoma (NHL), presented pseudohyponatremia and hyper-

What do we know about the subject matter of this study?

Glucocorticoids (dexamethasone and prednisone) and asparagi-
nase are essential for the successful treatment of pediatric onco-
hematological pathologies and can be associated with hypertri-
glyceridemia. This complication may be transient and benign. 
However, severe cases of hypertriglyceridemia (triglyceride levels 
> 1000 mg/dl) generally increase the risk of acute pancreatitis and 
thromboembolic events. The relative contribution of glucocor-
ticoids versus L-asparaginase (L-asp) in the development of hy-
pertriglyceridemia during acute lymphoblastic leukemia therapy 
is unclear. The case report shows us that the suspicion of hyper-
triglyceridemia ADR should be investigated mainly in treatment 
protocols involving the administration of L-asp and glucocorti-
coids.

What does this study contribute to what is already known?

The findings observed during the treatment protocol for lympho-
blastic NHL in an adolescent with no risk factor made it possible to 
continue treatment with glucocorticoids and L-asp, accumulating a 
total of 184,000 IU of L-asp. Treatment protocols for lymphoblastic 
NHL include laboratory tests, so early detection in clinical practice 
is likely.
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Introduction

Childhood cancer emerges as the second leading 
cause of death as preventable diseases have been con-
trolled. In Chile, since 1985, childhood cancer has 
been positioned as the second cause of death in the age 
group between 1 and 14 years of age. Thus, the group 
of leukemias accounts for 42.2% of all childhood neo-
plasms, followed by CNS neoplasms and lymphomas 
with 17.0% and 8.8%, respectively1.

The Hospital Base Valdivia (HBV) is an accredited 
center for the diagnosis, treatment, and follow-up of 
childhood cancer in the southern macro-zone of Chile. 
Since 2000, it has developed active pharmacovigilance, 
with onco-hematological patients presenting the most 
frequent adverse reactions to antineoplastic drugs 
(39%)2.

The most reported drug is L-asparaginase (L-
asp) (35%), both locally and internationally (35-
45%). This is one of the drugs used in some of the 
treatment protocols. However, like other antineo-
plastic drugs, it is not free of adverse effects, among 
which skin and skin appendages, hepatobiliary, vas-
cular and coagulation, gastrointestinal, metabolic 
(especially hyperglycemia, hypercholesterolemia, and 
hypertriglyceridemia), nutritional, and neurological 
reactions have been reported3. Hypertriglyceridemia 
manifested as pseudohyponatremia is an infrequent 
adverse drug reaction (ADR), described in less than 
1% of the exposures to E. coli L-asp, and pseudohy-
ponatremia constitutes a potential factor that needs 
to be recognized since if it is not correctly interpreted, 
inappropriate interventions may occur. Knowing the 
mechanism by which L-asp induces ADR may help to 
guide treatment by preventing severe complications 
that need to be treated as soon as possible4. The ob-
jective of this manuscript is to report the clinical case 
of an adolescent under treatment for non-Hodgkin’s 
lymphoblastic lymphoma who presented with hyper-
triglyceridemia presented as pseudohyponatremia 
during treatment.

Clinical Case

A 14-year-old adolescent, previously healthy, con-
sulted the Primary Emergency Care Service (SAPU) of 
Osorno, due to an 11-day history of irritative cough, 
predominantly at night. Symptomatic treatment was 
indicated, developing dyspnea and orthopnea. He 
went to the Emergency Department of the Hospital 
Base Osorno (HBO), where severe respiratory distress, 
intolerance to decubitus position, and abdominal pain 
were observed.

He was admitted to the pediatric ICU (PICU) with 
tachycardia, hypertension, polypnea, 96% saturation, 
FiO2 35%; he looked pink, hydrated and well perfused, 
and flat jugular veins and small bilateral supraclavi-
cular adenopathies were observed. The chest showed 
no soft tissue retraction, maintained the knee-chest 
position, had decreased pulmonary murmur in both 
bases, and cardiac auscultation had muffled sounds, 
without murmur. The soft abdomen was slightly de-
pressible and tender in both hypochondria, suspected 
visceromegaly, and extremities without lesions. Chest 
X-ray showed an upper mediastinal mass and right 
middle lobe atelectasis associated with ipsilateral 
pleural effusion. A chest CT scan with contrast was 
not performed due to anesthetic contraindication, as 
stated in the transfer summary from the HBO.

The patient was transferred to the HBV PICU 
with Mediastinal Compression Syndrome, with clini-
cal suspicion of NHL. He was evaluated by the teams 
of Pediatric Oncohematology, Pediatric Surgery, Pe-
diatric Intensive Care, Imaging, and Radiotherapy 
and, given the immediate vital risk associated with 
the diagnosis, it was decided to administer cytore-
ductive treatment, with dexamethasone 6 mg/m2/day 
and cyclophosphamide 100mg/m2/day for 5 days, 
in addition to prophylaxis of tumor lysis syndrome 
(allopurinol 10 mg/kg/day every 8 hours), overhy-
dration (3000ml/m2), and treatment for respiratory 
failure.

Physiopathologically, mediastinal masses compete 

triglyceridemia, suspecting an adverse drug reaction (ADR). This suspicion was evaluated accor-
ding to the modified causality algorithm (Karch and Lasagna), resulting in a “definitive” ADR for 
the L-asparaginase and corticosteroids association. He received treatment with a low-fat diet and 
lipid-modifying drugs; L-asparaginase and prednisone were not suspended since the protocol en-
ded. Hypertriglyceridemia recovered without complications after 14 days of treatment. Conclusion: 
Although the magnitude of the hypertriglyceridemia did not result in clinical pancreatitis, it seems 
advisable to include ADR suspicion to L-asp among the differential diagnoses, to highlight the need 
to detect these complications, and to know their prognosis and management in order not to affect 
the treatment of the patients.
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for space with vital structures. Negative intrathoracic 
pressure, which is the sum of anatomical (including 
intercostal muscle tone) and physiological (respira-
tion) forces, effectively pulls the tumor forward. Gra-
vity exerts an opposing force, pulling the tumor poste-
riorly. In the supine position, if the intrathoracic pres-
sure is less negative, gravity becomes dominant and 
pulls the tumor posteriorly over vulnerable structures 
such as the tracheobronchial tree and the right heart 
(right atrium and pulmonary artery).

Anesthesia, neuromuscular blockade, and positive 
pressure ventilation could exert profound effects on 
this balance as well as the net effect of pressures on the 
tumor when the patient assumes different positions. 
This allows predicting changes in the anesthesia effect 
and developing strategies to prevent and revert cardio-
respiratory collapse5.

The patient evolved with tumor lysis syndrome 24 
hours after admission, associated with renal failure, 
with uricemia (14.6 mg/dL), LDH (2,177 U/L), normal 
lipid profile (total cholesterol in high normal range, 
HDL cholesterol in lower normal range, triglycerides 
159 mg/dL), fibrinogen 498 mg/dL, D-dimer 1.61 ug/
ml, phosphatemia 8.8 mg/dL, and creatinine 0.82 mg/
dL. He received rasburicase to treat tumor lysis syn-
drome (0.2 mg/kg/day), suspending allopurinol and 
continuing cytoreduction with dexamethasone at half 
the initial dose (3mg/m2/day), without cyclophospha-
mide.

A nephrological evaluation was performed, which 
confirmed renal failure secondary to tumor lysis syn-
drome, without dialytic urgency, and tendency to hy-
pertension, with creatinine 1.54 mg/dL, phosphatemia 
11 mg/dL, and without hypernatremia. He continued 
with hyperhydration, diuretics (furosemide), and anti-
hypertensives (amlodipine).

Regarding respiratory aspects, he required oxygen 
support, with FIO2 35% by Venturi mask, suspending 
this support on the third day of admission. He evol-
ved with episodes of psychomotor agitation, associated 
with the diagnosis in process, which was treated ac-
cording to the institutional protocol of psychomotor 
agitation, with psychological and psychiatric support, 
with satisfactory evolution.

On the third day of admission and treatment, a 
chest, abdomen, and pelvis CT scan with contrast was 
performed, showing an increase in the size of the thy-
mus, with a homogeneous appearance, probably in the 
context of a lymphoproliferative process and findings 
suggestive of right basal pulmonary thromboembo-
lism. Chest CT angiography showed thrombosis of the 
left jugular vein, extensive bilateral pleural effusion 
associated with atelectasis in both bases, and signs of 
bilateral medical nephropathy. Anticoagulation with 
enoxaparin (1 mg/kg every 12 hours) was indicated for 

20 days. Then, a control CT angiography showed reso-
lution of the thrombosis.

On the fourth day of admission and treatment, a 
diagnostic and extension study was performed, which 
included, among others, complete biochemical profi-
le including lipid profile, granulopoietic hyperplasia 
of the bone marrow (myelogram), flow cytometry 
(bone marrow) in which no cells with clonal predo-
minance or neoplastic immunophenotype of hema-
tologic lineage were observed; peripheral blood flow 
cytometry was negative for neoplastic cells, pleural 
fluid cytology was negative for neoplastic cells, pleu-
ral fluid flow cytometry without evidence of hema-
tologic neoplasia. The patient was presented to the 
pediatric oncology committee, noting that a biopsy 
of the tumor could not be taken since the mediastinal 
mass disappeared with cytoreductive treatment, assu-
ming the diagnosis of lymphoblastic lymphoma due 
to the clinical picture and the response to treatment, 
according to the PINDA 0516 protocol. This protocol 
contemplates in AI Induction 8 doses of E.coli L-asp 
of 10,000 IU/m2.

Having received 7 doses of L-asp and with a cumu-
lative dose of 90,000 IU plus glucocorticoid (predni-
sone), he presented symptoms of decay, vomiting, ab-
dominal pain, and mild dehydration. Pancreatitis was 
suspected, which was ruled out by normal amylase/
lipase values and normal liver tests. At that time, he 
had a plasma electrolyte test with hyponatremia of 126 
meq/l, hypertriglyceridemia of 1,115 mg/dL, and total 
cholesterol of 435 mg/dL (figure 1). Given the persis-
tence of hyponatremia despite adequate replacement 
therapy, he was evaluated by pediatric nephrology, 
highlighting the absence of neurological alterations, 
normal blood pressure, plasma osmolality 272 mOsm/
kg, and urinary osmolality 510 mOsm/kg, both normal 
values. With hyponatremia and hypertriglyceridemia, 
the suspicion of ADR of pseudohyponatremia secon-
dary to hypertriglyceridemia associated with L-Asp 
was suggested.

The patient was evaluated by Gastroenterology and 
Endocrinology, indicating a diet low in refined sugars 
and rich in fiber, fibrates (ciprofibrate 100 mg oral/
day), and omega 3 (4 g oral/day), until triglyceride 
values of 300mg/dL were achieved. 2 weeks later, the 
triglycerides decreased to 79 mg/dL. Ciprofibrate and 
omega 3 were suspended, indicating prophylactic use 
associated with treatment with corticosteroids and L-
asp. 12 doses of L-asp were completed with a cumula-
tive dose of 184,000 IU corresponding to the induction 
protocol.

Suspected ADR was subjected to causality as-
sessment, with the Karch and Lasagna algorithm mo-
dified by the WHO5, which resulted in “Definite” ADR 
for the L-asp and Prednisone association (Annex 1).
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Discussion
Hyponatremia is defined as a plasma sodium level 

below 130 mEq/L associated with plasma hypoosmola-
rity, which can occur in the context of normal, hypo, 
or hypervolemia. The presentation of neurological 
symptoms such as seizures is associated with natremia 
under 120 mEq/L and, under 112 mEq/L, there may be 
coma. The faster the hyponatremia sets in, the greater 
the neurological involvement6.

Normally, serum consists of an aqueous pha-
se (93%) and a non-aqueous phase (7%). Sodium is 
found in the aqueous phase and, in the non-aqueous 
phase, glucose, lipids, and proteins. When serum pro-
teins or lipids increase, the relative fraction of non-
aqueous serum increases6.

Since serum sodium is usually measured by indi-
rect ion-selective methods, requiring a dilution of the 
aqueous phase, which is assumed to be 93%, low serum 
sodium levels may falsely result, giving rise to pseudohy-
ponatremia. There are formulas to correct the aqueous 
phase decreased by hypertriglyceridemia: Corrected so-
dium = Serum sodium + 0.2 x triglycerides g/L6.

Figure 1. Relationship between triglyceride (TG) levels and the administration of L-asparaginase (E.coli) during Induction, Phase I/A for Lymphoblastic 
Lymphoma. Cumulative dose at RAM 105,000 IU (seventh dose).

On the thirty-sixth day of induction, the patient 
showed serum sodium of 126 mEq/L which did not 
correlate with his state of consciousness, general con-
dition, lack of correction with the administration of 
physiological saline, normal plasma osmolality (272 
mOsm/kg), and hypertriglyceridemia of 1.170 g/L, 
suspecting pseudohyponatremia secondary to hyper-
triglyceridemia. The patient’s corrected natremia was: 
corrected sodium = 126 mEq/L + 0.2 x 1,170 g/L = 147 
mEq/L.

Causality assessment of suspected ADR according 
to the modified Karch and Lasagna algorithm, based 
on a scoring system assigned to the evaluation criteria5, 
was performed for each of the drugs associated with 
ADR. In this case, prednisone and L-asp, noting that 
for both drugs there was a compatible temporal chro-
nology between administration and ADR. Pseudohy-
ponatremia began on the fortieth day from the start 
of corticosteroids and on the nineteenth day from the 
start of L-asp.

The potential mechanism through which gluco-
corticoids and L-asparaginase lead to hypertriglyceri-
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demia is not fully elucidated. However, the probable 
cause has been raised in observational studies. Gluco-
corticoids increase triglyceride synthesis, causing fatty 
acid mobilization and activating lipoprotein lipase, 
an enzyme necessary for triglyceride hydrolysis. In 
contrast, L-asp inhibits lipoprotein lipase, by globally 
decreasing hepatic protein synthesis. This enzyme is 
responsible for the hydrolysis of triglycerides from li-
poproteins. Concomitant administration of L-asp and 
glucocorticoids can induce high levels of chylomicrons 
and enhance the synthesis of very low-density lipopro-
teins while decreasing the clearance of triglyceride-rich 
lipoproteins. Therefore, when glucocorticoids and L-
asp are administered together, transient elevations in 
triglyceride levels occur rapidly, being more frequently 
described when patients receive high doses of L-asp 
and glucocorticoids7.

Interesting in this case is the cumulative dose of 
L-asp (105,000 IU) at the time hypertriglyceridemia 
occurs, which may suggest a dose-dependent effect, 
which has not been described so far compared with 
other adverse effects frequently described for L-asp, 
such as allergies where they associated the number of 
doses received until the presentation of the dermatolo-
gical ADR, under 80,000 IU with the start of the rein-
duction phase according to the acute lymphatic leuke-
mia protocol8,11. Other studies report a lack of linearity 
between the cumulative dose (135,000 IU/m2) and the 
occurrence of pancreatic complications associated with 
L-asp. However, likely, the first intense dose received 
in the first month of treatment (45,000 IU/m2/month) 
and the prolonged duration of treatment would be re-
lated to an increased incidence of pancreatitis9.

In a randomized comparison of native E. coli L-asp 
versus pegylated-asp (PEG-asp), grade 4 hypertriglyce-
ridemia, defined under the Common Terminology 
Criteria for Adverse Events (CTCAE) by the National 
Cancer Institute (NCI): >1000 mg/dL; was 8% versus 
4% with PEG-asp (10,11).

Parson et al.12 determined in a prospective obser-
vational study lipid abnormalities associated with L-
asp with an incidence of hypertriglyceridemia of 67% 
after 30 weeks of L-asp treatment, without detecting 
an association between hypertriglyceridemia and acute 
L-asp toxicity, particularly pancreatitis. This observa-
tion suggests that modifications of L-asp therapy are 
not necessary in the case of hypertriglyceridemia, with 
two important considerations: if triglyceride value is 
< 1,000 mg/dL, maintain L-Asp; If > 1,000 mgdL, (CT-
CAE) discontinue and resume once triglyceride levels 
normalize, with mandatory close monitoring of clini-
cal signs and symptoms12.

A case-control study with 37 patients with ALL 
showed hyperlipidemia in 27% of cases after the four-
th to sixth dose of L-asp. In severe cases, the levels de-

creased to less than 1000 mg/dL after 10 days of drug 
discontinuation but rose again after reinitiation of the 
drug13.

In the clinical case presented, the suspected drugs 
(L-asp/glucocorticoids) were not withdrawn, and 
hypertriglyceridemia improved after 14 days, with 
normalization of triglyceride values by symptomatic 
treatment with diet, fibrates (ciprofibrate), and ome-
ga-3. The role of discontinuation of L-asp treatment 
when ADR occurs is still unclear since it is reversible, 
transitory, and can be prevented with a low-fat diet, 
omega-3, and the addition of fibrates if necessary14,15.

The evolution of ADR in this case, both hyponatre-
mia and hypertriglyceridemia were transitory because 
triglyceride values were normalized through diet, fi-
brates, omega-3, and prednisone and L-asp were sus-
pended at the end of the indication, according to the 
PINDA protocol.

Regarding corticosteroids, they appear as a contri-
buting factor to ADR16. In this case, no other alternati-
ve causes were found to explain the causal association 
between hypertriglyceridemia and baseline disease or 
other pathological conditions (diabetes, obesity, fami-
lial hypertriglyceridemia).

Causality was assigned for each of the suspected 
drugs, L-asp and glucocorticoids as definitive ADR 
(+8), as there is a validating laboratory measure5.

The literature on the adverse effect profile of na-
tive L-asp comes primarily from the pediatric popu-
lation, with few cases reported in adults. However, it 
should be noted that toxicity differs between children 
and adults: in the former, hypersensitivity is the most 
frequent serious adverse effect, and, in adults, hepatic, 
pancreatic, and thrombotic adverse effects. Prevention 
of complications is an important part of management. 
Patients with high-risk factors such as obesity or dia-
betes should be carefully evaluated for the occurrence 
of hypertriglyceridemia. Re-exposure with L-asp has 
shown to be well tolerated, but this decision should be 
made on a case-by-case basis, and when triglycerides 
have normalized17,18.

To ensure optimal treatment, it is necessary to 
be prepared to make the necessary adjustments in 
treatment by minimizing the number of long-term ad-
verse effects possibly through personalized treatment 
regimens. In this report, there was no measurement of 
asparaginase levels, so this may be a key component 
in guiding treatment decisions for patients employing 
different available formulations of L-asp19,20 (table 1).

Conclusions

Pseudohyponatremia secondary to L-asparaginase 
hypertriglyceridemia is an underdiagnosed, dose-
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dependent, definite, benign, and transient ADR that 
should be considered in the differential diagnosis es-
pecially when associated with glucocorticoids. Its early 
detection can prevent complications such as hypercoa-
gulable states and pancreatitis. Its knowledge about 
prognosis and management allows for maintaining 
treatment continuity and patient survival.
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