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Tumour lysis syndrome
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Abstract

Tumour lysis syndrome (TLS) represents a critical oncological 
emergency characterized by extensive tumour cell breakdown, 
leading to the swift release of intracellular contents into the systemic 
circulation, outpacing homeostatic mechanisms. This process 
results in hyperuricaemia (a by-product of intracellular DNA release), 
hyperkalaemia, hyperphosphataemia, hypocalcaemia and the 
accumulation of xanthine. These electrolyte and metabolic imbalances 
pose a significant risk of acute kidney injury, cardiac arrhythmias, 
seizures, multiorgan failure and, rarely, death. While TLS can occur 
spontaneously, it usually arises shortly after the initiation of effective 
treatment, particularly in patients with a large cancer cell mass (defined 
as ≥500 g or ≥300 g/m2 of body surface area in children). To prevent 
TLS, close monitoring and hydration to improve renal perfusion 
and urine output and to minimize uric acid or calcium phosphate 
precipitation in renal tubules are essential. Intervention is based on 
the risk of a patient of having TLS and can include rasburicase and 
allopurinol. Xanthine, typically enzymatically converted to uric 
acid, can accumulate when xanthine oxidases, such as allopurinol, 
are administered during TLS management. Whether measurement 
of xanthine is clinically useful to optimize the use of allopurinol or 
rasburicase remains to be determined.
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contributed to the lack of clear incidence data. However, with the advent 
of new, highly effective targeted therapies, incidence rates are thought 
to be on the rise. The National Inpatient Sample (NIS) study involving 
28,370 patients with a discharge diagnosis of TLS between 2010 and 
2013 reported an increase in TLS incidence from 16% to 23% during the 
3-year study period (P < 0.01)7. TLS has been increasingly reported in 
several malignancies that were historically associated with no or low 
risk of TLS, including chronic lymphocytic leukaemia (treated with 
venetoclax), mantle cell lymphoma (treated with alvocidib), multiple 
myeloma (treated with carfilzomib) and indolent B cell lymphoma 
(treated with alvocidib)8–11.

Associated cancers
In the NIS study, the most prevalent malignancies were reported to 
be non-Hodgkin lymphoma (NHL), solid tumours, acute myeloid leu-
kaemia (AML) and acute lymphoblastic leukaemia (ALL)7. Multivariate 
analysis revealed that a diagnosis of AML or a solid tumour indepen-
dently predicted higher mortality rates than those of patients with ALL7. 
Investigators concluded that a TLS diagnosis in patients with solid 
tumours signalled a high tumour burden (defined as ≥500 g of cancer) 
and an increased overall risk of death7. A systematic review of reports 
describing the occurrence of TLS amongst patients with solid tumours 
found hepatocellular carcinoma (17%), lung cancer (13%) and melanoma 
(10%) to be the most common types of cancer associated with TLS12. 
Metastatic disease emerged as the predominant risk factor, account-
ing for 75% of cases, which is not surprising since it is associated with 
a higher burden of disease12.

A study of 1,791 paediatric patients with NHL, of whom half were 
thought to be at high risk of TLS and therefore received rasburicase 
prophylaxis, found an overall TLS incidence of 4.4%, with the highest 
rates observed in Burkitt leukaemia (26.4%) and advanced-stage 
Burkitt lymphoma (14.9%)13. In a study involving 772 adult patients 
with AML receiving allopurinol prophylaxis, 12% experienced LTLS and 
5% experienced CTLS. The study found that a pretreatment creatinine 
level exceeding 1.4 mg/dl significantly (P < 0.0001) predicted TLS 
development. Furthermore, CTLS was associated with a higher risk 
of death during induction therapy compared with LTLS (79% versus 
23%; P < 0.001), and CTLS was considered the cause of death in 19 (2%) 
of the 772 patients14.

Risk factors
Factors influencing TLS development include disease-related factors, 
such as tumour burden, cellular proliferation rate and sensitivity to 
therapy, as well as patient-related factors such as pre-existing renal con-
ditions, dehydration, acidosis and hyperuricaemia2,8,15–20. Additionally, 
treatment-related factors such as cytoreductive therapy intensity and 
therapeutic sequencing are also thought to be risk factors21 (Box 2). The 
emergence of highly effective, new anticancer therapies has escalated 
the risk of TLS, underscoring the need for robust preventive meas-
ures, precise dosing and strategic therapeutic sequencing to mitigate 
the risk8. After disease bulk, defined as ≥500 g of cancer cell mass (or 
≥300 g/m2 of body surface area in children), the most important risk 
factor for TLS is the adequacy of prophylactic supportive care meas-
ures, including comprehensive hydration and the administration of 
hypouricaemic agents such as rasburicase5,22,23. The choice of prophy-
lactic measures is informed by careful assessment of the anticipated 
TLS risk, taking into account factors such as the underlying disease, 
disease severity and planned therapeutic interventions. Note that, in 
patients with non-bulky disease, TLS risk is low regardless of any other 

Introduction
Tumour lysis syndrome (TLS) is a severe metabolic condition that typi-
cally occurs during the treatment of bulky malignancies with effective 
therapies, posing a potential life-threatening risk. It is characterized by 
the rapid release of intracellular contents into the bloodstream, either 
spontaneously as very rapidly growing cancers outgrow their supply of 
nutrients or in response to therapy1–3 (Fig. 1). TLS is particularly evident 
in rapidly proliferating, bulky and chemosensitive tumours, leading to 
distinct clinical manifestations such as hyperuricaemia, hyperkalaemia, 
hyperphosphataemia and hypocalcaemia1,2. The ensuing metabolic 
imbalances and cytokine release can progress to toxic effects, including 
renal failure, cardiac arrhythmias, seizures, haemodynamic instability 
and multiorgan failure, ultimately resulting in mortality4.

The definition of TLS depends on both laboratory abnormalities 
and clinical findings. It is advised that patients newly diagnosed with 
cancer undergo screening for TLS by measuring serum potassium, 
phosphorus, calcium, uric acid and creatinine levels to establish base-
line levels. The Howard–Pui classification defines patients with labora-
tory TLS (LTLS) as having values of serum potassium, phosphorus, uric 
acid and creatine above the upper limits of the normal range (or below, 
in the case of calcium) or an increase of ≥25% from baseline (or decrease 
of serum calcium levels of  25% or more from from baseline2,5 (Box 1). 
Clinical TLS (CTLS) is defined as LTLS coexisting with renal dysfunction, 
cardiac involvement, neurological involvement or death2. Importantly, 
these criteria exclude manifestations directly attributable to other 
causes, such as a patient with a known seizure disorder whose seizures 
are unlikely to have been caused by hypocalcaemia2.

Patients with TLS may not consistently exhibit simultaneous 
occurrence of all metabolic abnormalities. The Howard–Pui guide-
lines2, modified from the Cairo–Bishop classification5, require two or 
more metabolic abnormalities within the same 24-h period, occurring 
between 3 days before and 7 days after anticancer therapy initiation, 
and include a 25% variation in metabolites as a laboratory abnormality 
even it does not fall outside the age-specific and sex-specific normal 
range for that metabolite. Symptomatic hypocalcaemia, regardless 
of serum levels, serves as a CTLS criterion2,5. Finally, renal dysfunction 
is interpreted according to the Acute Kidney Injury Network criteria, 
distinguishing pre-existing kidney impairment from TLS-induced 
acute kidney injury (AKI), defined as a serum creatinine increase of 
≥0.3 mg/dl, or an increase to ≥1.5 times the upper limit of the normal 
range for age and sex (if no prior creatinine value is available), or an 
average urine output below 0.5 ml/kg/h for at least 6 h (ref. 6).

In this Primer, we examine the diagnosis, epidemiology, risk fac-
tors, pathophysiology, monitoring, prevention and treatment of TLS as 
well as its long-term impact on health and quality of life. We emphasize 
recent updates on physiological mechanisms, novel therapeutic inter-
ventions and renal consequences, including short-term, intermediate-
term and long-term perspectives. We also describe the mechanism and 
consequences of rapid cancer cell breakdown, risk-adapted therapeu-
tic interventions and current treatment modalities. The article also 
addresses complications of TLS-associated AKI, including electrolyte 
imbalances and fluid shifts, along with intermediate-term to long-
term repercussions like chronic kidney disease (CKD). Strategies for 
preventing and managing TLS-related AKI are also discussed.

Epidemiology
Estimating the incidence of TLS remains challenging due to variations 
in cancer types, treatment approaches and TLS preventive measures. 
The absence of a universally accepted definition for TLS has historically 
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risk factor2. Conversely, patients with bulky disease (≥500 g cancer 
mass in adults or ≥300 g/m2 of body surface area in children) are at 
high risk of TLS even when they lack other risk factors2.

Age and sex. Though TLS can affect individuals across all age groups, 
elderly patients with compromised renal function are highly suscepti-
ble; patient age ≥60 years correlated with increased risk of both CTLS 
and LTLS14. Patients with AML and aged ≤50 years were found to have 
CTLS rates of 3% compared with 10% in those >70 years. Older age is an 
even more important risk factor when renal function is already com-
promised and, in this study, patients with creatinine concentrations 
>1.4 mg/dl had 23% CTLS versus 3% in patients with lower values14. 
However, age may not always serve as an independent prognostic fac-
tor due to potential variations in dosages of initial therapies (which 
may be reduced in older patients) and implementation of enhanced 

supportive care measures for patients at higher risk14,24. A multicentre 
study of paediatric ALL identified T cell phenotype (OR 4.7), age 1 year 
or younger (OR 8.6), and age ≥10 years (OR 2.2) as risk factors for TLS25. 
Some studies, though not all, have noted a higher TLS risk in men14,24–27.

Prophylaxis and treatment. Considering the availability of highly 
effective treatment for TLS, such as rasburicase, an international con-
sensus panel in 2008 developed a risk stratification system categoriz-
ing patients into low-risk (<1%), intermediate-risk (1–5%) and high-risk 
(>5%) groups based on CTLS probability28 (Box 3).

Morbidity and mortality
TLS is associated with serious morbidity and a high risk of mortality. In 
the NIS study, which carefully analysed morbidity and mortality rates 
in TLS in the post‐rasburicase era in the USA, the in-hospital mortality 

Tumour lysis

Normal plasma (3 l, ~adult 
human quantity) components
Potassium       528 mg (4.5 mEq/l)
Phosphorus    120 mg (4 mg/dl)
Uric acid  150 mg (5 mg/dl)

Rise in solute concentrations if 100% 
of tumor cell lysis occurred instantly
Potassium 4.5 mEq/l → 32 mEq/l
Phosphorus  4 mg/dl → 101 mg/dl
Uric acid   5 mg/dl → 170 mg/dl

RBCWBC Solutes from
cancer mass
enter the circulation

Bulky cancer cell mass 
(500 g) components
Potassium        3,200 mg
Phosphorus     2,900 mg
DNA/RNA (uric acid equivalent) 5,000 mg 
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Fig. 1 | Cellular solute content based on the cancer 
cell mass. a, A 500 g mass of cancer contains 
~3,200 mg of potassium, 2,900 mg of phosphorus 
and sufficient DNA to produce 5,000 mg of uric acid 
once it is metabolized. These quantities represent 
6 times the potassium in the plasma, 24 times the 
phosphorus and 33 times the uric acid. If all solutes 
were released instantaneously from a 500 g cancer 
lesion, the plasma concentrations of potassium 
would increase to a fatal 32 mEq/l, phosphorus 
to 101 mg/dl and uric acid to 170 mg/dl. In reality, 
tumour lysis occurs over a period of hours or days 
and patients with normal renal function can excrete 
large amounts of potassium, phosphorus and uric 
acid. However, uric acid crystals adhere to the 
urothelium and initiate a cascade of inflammation, 
cell death and additional crystal formation that 
causes acute kidney injury65–69. Once acute kidney 
injury occurs, the ability of the kidneys to excrete 
phosphorus and potassium is impaired and the 
patient is at risk of clinical tumour lysis syndrome2. 
b, Graphical representation of solute changes if 
100% of tumour lysis occurred instantly. RBC, red 
blood cell; WBC, white blood cell. In the boxes, 
potassium concentration units are in mEq/l, the 
standard unit for medical practice worldwide. In 
the bar chart, all concentration units are mg/dl so 
that all three solutes can be graphed in the same 
chart. The conversion between unit systems is 
1 mEq/l = 3.91 mg/dl.
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rate was 21%, with a median hospital stay of 10 days7. Predictors of 
mortality included age, Elixhauser comorbidity score (a composite 
score that includes multiple comorbidities like congestive heart fail-
ure, diabetes and 28 other comorbidities) and cancer type7. Multiple 
studies have shown that in-hospital mortality rates in patients with 
CTLS and solid tumours are higher compared with haematological 
malignancies, ranging from 28% to 59%, reaching 100% in pancreatic 
cancer and cholangiocarcinoma, 67% in gastrointestinal stromal 
tumours, 58% in hepatocellular carcinoma, 54% in colorectal can-
cer, and 50% in gastric cancer7,12,17,29. Meanwhile, in haematological 
malignancies, the mortality rate was lower, reporting the following 
results according to major cancer types: AML (28%), NHL (19%) and 
ALL (9%)7. Note that these mortality rates reflect death directly from 
CTLS plus death from any other cause, which may be associated with 
TLS sequelae like renal failure or other causes in patients with newly 
diagnosed cancer.

Survival rates in adults with ALL who developed TLS were consid-
erably lower than in adults with ALL who did not develop TLS (3-year 
overall survival rate 19.4% versus 41%; P = 0.016)24. Similarly, adults with 
refractory or relapsed multiple myeloma, treated with B cell matu-
ration antigen-targeted chimaeric antigen receptor T cell therapy 
had lower survival if they developed TLS (median overall survival, 
5.0 months versus 39.8 months; P < 0.001)30. In critically ill patients 
requiring urgent chemotherapy, non-survivors were reported to have 
higher rates of TLS at presentation compared with survivors, and 
patients treated with rasburicase had a higher 1-year survival rate 
than those without rasburicase treatment31. However, this study rep-
resents the most severely affected patients for whom all clinicians 
would use rasburicase at standard doses and therefore the findings 
are not surprising. Although rasburicase effectively reduces uric acid, 
the need for dialysis and duration of hospital stay, systematic reviews 

and meta-analyses that have compared mortality rates before and after 
its introduction did not find strong evidence of its effect on mortality 
rates32,33. This may in part be because not all patients received timely 
rasburicase and the possibility of confusion between LTLS, which can 
be successfully managed in almost all cases, and CTLS, which can lead 
to severe complications, need for dialysis and intensive care, and death. 
In the NIS study, the development of LTLS did not influence mortality 
during induction therapy and CTLS was associated with a significantly 
increased mortality rate (79% versus 23%; P < 0.001)14.

Health systems context
In low-income and middle-income countries (LMICs), TLS management 
often diverges from guidelines established in high-income countries 
due to financial constraints and limited access to rasburicase12,15,34–42. 
Even in high-income countries, some clinicians use rasburicase doses 
lower than those recommended by the FDA43,44. Some studies have dem-
onstrated that reduced doses of rasburicase can effectively manage TLS; 
however, the standard FDA-approved dosing remains the best practice 
for ensuring consistent and reliable results, thereby reducing the risks 
associated with underdosing and potential complications45–47. Several 
studies conducted in LMICs, focusing on children with acute leukaemias 
and lymphomas, have shown an increased risk of TLS development, in 
part attributed to delayed diagnosis with a higher probability of bulky 
disease and pre-existing renal damage at diagnosis34. These studies 
emphasize the need for proper TLS prophylaxis, especially in resource-
limited settings. Financial and infrastructure constraints in LMICs can 
affect the ability to deliver optimal supportive care, especially when 
intensive care unit support or rasburicase are needed36–42.

Mechanisms/pathophysiology
Rapid tumour lysis overcomes homeostatic mechanisms
Homeostatic mechanisms meticulously regulate electrolytes and 
metabolites in the bloodstream. In TLS, the widespread disruption 
of tumour cells leads to uncontrolled permeability and the efflux of 
intracellular contents, thereby overwhelming the body’s homeostatic 
mechanisms, particularly if AKI develops48. The intracellular solutes 
released include nucleic acids, notably purine nucleotides that are 
converted to uric acid, as well as intracellular ions such as potassium and 
phosphorus2. TLS can manifest spontaneously, particularly in patients 
with haematological malignancies with rapid cellular turnover rates7. 
The likelihood of TLS depends on total cancer cell mass and its chemo-
sensitivity to initial therapy2,15,49. TLS can be caused by chemotherapy, 
immunotherapy, radiotherapy, chemoembolization, chimaeric antigen 
receptor T cells and general anaesthesia50–52. The development of new, 
highly effective anticancer agents, like venetoclax, inadvertently raises 
TLS incidence53–57.

In cases of TLS associated with solid tumours, necrosis within 
the tumour mass itself is frequently observed51,58. Autopsy findings 
indicate that necrosis within the tumour is the main pathological fea-
ture in cases presenting with TLS51. Microemboli and necrosis of non-
tumour cells are additional features that seem to directly contribute to 
widespread tissue damage51. Furthermore, the deposition of calcium 
phosphate and uric acid in various tissues is thouhgt to be a patho-
logical feature of TLS49. These deposits are secondary to the metabolic 
disturbances occurring in TLS, particularly hyperphosphataemia and 
hyperuricaemia.

In addition to high cancer cell mass, risk factors for TLS include 
pre-existing conditions like volume depletion, hyperuricaemia, 
CKD and electrolyte disturbances. Volume depletion decreases the 

Box 1 | Howard–Pui definitions of laboratory 
and clinical tumour lysis syndrome
 

Laboratory tumour lysis syndrome
 • Uric acid ≥8.0 mg/dl (475.8 μmol/l) (adults) or above the upper 
limit of the normal range for age (children) or a 25% increase 
from the baseline value

 • Potassium ≥6 mmol/l or a 25% increase from the baseline value
 • Phosphate ≥4.5 mg/dl (adults) or ≥6.5 mg/dl (children) or a 25% 
increase from the baseline value

 • Calcium <7.0 mg/dl (1.75 mmol/l) or ionized calcium <4.5 mg/dl 
(1.12 mmol/l) or a 25% decrease from the baseline value

Clinical tumour lysis syndrome
Meets criteria for laboratory tumour lysis syndrome, plus any of 
the following:

 • Renal dysfunction (creatinine >1.5 times normal values or a rise 
in creatinine of 0.3 mg/dl above the baseline value)

 • Cardiac arrhythmia or sudden death, which indicates 
symptomatic hyperkalaemia or hypocalcaemia

 • Neurological involvement (seizures, tetany), which indicates 
symptomatic hypocalcaemia

This Box draws on concepts and data developed in refs. 2 and 5.
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glomerular filtration rate, leading to decreased clearance of solutes, 
including uric acid, phosphorus and potassium48.

Hyperuricaemia initiates cascade of homeostatic disruption
The first event that occurs during TLS is the release of intracellular 
contents, including uric acid and phosphorus. Release of uric acid 
results in an acute elevation of serum and urine concentrations, which 
in turn leads to super-saturation in the urinary filtrate and crystal for-
mation2,59. Crystals adhere to the urothelium and cause additional 
crystal growth, inflammation, direct urothelial damage, and tubular 
obstruction with death of associated nephrons2,60. Individuals with 
pre-existing elevated uric acid levels are more likely to experience TLS-
induced hyperuricaemia, uric acid crystallization and accumulation 
in tissues1,2.

The uric acid-induced loss of renal function reduces the ability of 
the kidneys to secrete the large potassium and phosphorus load that 
increases during TLS. Hyperphosphataemia results from rapid release 
of intracellular phosphate from tumour cells as well as decreased 
urinary clearance. Phosphate binds with serum calcium, forming cal-
cium phosphate crystals, which deposit in tissues and precipitate in 
the kidneys, worsening AKI that has been initiated by uric acid crystal 
precipitation in renal tubules and associated inflammation. Calcium 
phosphate can also precipitate in the cardiac conducting system, lead-
ing to an increased risk of heart block and cardiac dysrhythmias61–63. 
Calcium phosphate precipitation also depletes serum calcium and 
causes secondary hypocalcaemia, with the attendant risks of dys-
rhythmias and seizures2,64. It is tempting to treat hypocalcaemia in 
asymptomatic patients but this can increase calcium phosphate pre-
cipitation. Although electrolyte imbalances are primarily implicated in 
the development of cardiac arrhythmias, the role of crystal deposition 
in the cardiac conducting system is less clear but remains undesirable7. 
Therefore, hypocalcaemia should only be treated when dysrhyth-
mia, neurological or musculoskeletal symptoms are present2. Any 
patient with TLS who experiences cardiac arrest should be assumed 
to have hyperkalaemia and hypocalcaemia as potential contribut-
ing causes, as standard resuscitation methods will be ineffective if 
abnormal potassium and calcium concentrations are not corrected.

Renal pathophysiology
Tumour lysis occurs over a period of hours or days and patients with nor-
mal renal function can excrete large amounts of potassium, phosphorus 
and uric acid. However, the large amounts of uric acid produced by 
tumour lysis leads to hyperuricaemia followed by high concentrations 
of uric acid in the urinary filtrate, leading to the formation of crystals 
that adhere to the urothelium and initiate a cascade of inflammation, 
cell death, and additional crystal formation that causes AKI2,65–69. Uric 
acid, with poor solubility in acidic environments like urine, accumulates 
in the kidneys, forming crystals in the renal tubules and potentially 
causing AKI70 (Figs. 2 and 3). Once AKI occurs, the ability of the kidneys 
to excrete phosphorus and potassium is impaired and the patient is at 
risk of CTLS2. Uric acid can also induce AKI not only through intrarenal 
crystallization but also via crystal-independent mechanisms, includ-
ing renal vasoconstriction, impaired autoregulation, decreased renal 
blood flow, oxidation and inflammation71.

Patients with CKD have decreased nephron mass, typically 
with higher serum uric acid levels, making them more susceptible 
to the effects of hyperuricaemia due to reduced urinary clear-
ance72,73. The additional insult further propagates renal injury and 
results in further loss of nephrons72. This, in turn, causes the faster 

development of electrolyte derangements such as hyperkalaemia and 
hyperphosphataemia.

The presence of hyperphosphataemia, which is common in CKD, 
exacerbates this process by causing calcium levels to decline by the 
precipitation of calcium phosphate crystals that can contribute to 
renal tubular obstruction74. Parenchymal and tubular deposition of 
calcium phosphate salts contributes to renal damage.

TLS results in a marked increase in circulating extracellular his-
tones, which can potentiate endothelial damage and lead to AKI75. The 
histones activate endothelial cells through Toll-like receptor 4 (TLR4), 
leading to inflammation and disruption of the endothelial barrier76,77. 
This disruption enhances vascular permeability, exacerbating tissue 
oedema and further compromising kidney function and damaging 
other tissues, including the lungs78. Moreover, histones contribute 
to a pro-coagulant state, increasing thrombosis risk within the renal 
microvasculature and impairing renal blood flow and oxygenation. 
Lastly, some patients may experience lasting effects, including the 
development of CKD79.

Cardiac dysrhythmias
Hyperkalaemia and hypocalcaemia can disrupt cardiac function. 
Hyperkalaemia affects cardiac myocytes by altering the normal elec-
trical activity and contractility of these cells80. Normally, the resting 
membrane potential is maintained at –80 to –90 mV by selective per-
meability of the cell membrane and the sodium-potassium ATPase 
pump. Elevated potassium levels outside the cell during hyperkalae-
mia bring the membrane potential closer to the threshold for action 

Box 2 | Factors associated with tumour 
lysis syndrome
 

Disease-related factors
 • Bulky cancer (≥500 g in adults or 300 mg/m2 body surface area 
in children), as indicated by any of the following:
 - Masses (tumours or lymph nodes) >10 cm in diameter
 - Advanced-stage or metastatic disease with multiple lesions
 - Bone marrow infiltration ≥40%

 • Sensitivity to cytoreductive therapy
 • Renal infiltration or obstruction of the outflow tract by a tumour

Patient-related factors
 • Existing kidney disease or uraemia
 • Obstruction of the urinary tract
 • Hyperuricaemia or hyperphosphataemia prior to treatment
 • Hypovolaemia or hypotension
 • Presence of acidic urine or low urine output

Treatment-related factors
 • Initial therapy (chemosensitivity)
 • Intensity of the initial cytoreductive regimen
 • Single-agent therapy versus combination therapy
 • Disease-specific treatment depending on tumour type
 • Inadequate hydration prior to and during cytoreduction
 • Concomitant use of nephrotoxic drugs

This Box draws on concepts and data developed in ref. 21.
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potential generation (which triggers myocardial contraction), and 
this excitability can result in cardiac dysrhythmias. The less nega-
tive resting membrane potential also affects excitability, reduces 
action potential duration, impairs repolarization, and increases the 
likelihood of premature contractions and arrhythmias. The sudden 
release of intracellular potassium can lead to severe, life-threatening 
hyperkalaemia because potassium concentration gradients between 
the serum and cytoplasm of cardiac myocytes lead to depolariza-
tion and contraction unrelated to signals from the sinus node (that 
is, dysrhythmia)80,81. This is often observed when serum potassium 
concentration rises rapidly and there is no time for equilibration by 
increasing the concentration within cardiac myocytes82. Patients with 
CKD or pre-existing chronic hyperkalaemia may be perfectly stable 
with chronically high potassium concentrations in both serum and 
cardiac myocytes but, when serum potassium rises rapidly, they are 
at high risk of complications83.

Hypocalcaemia can result in hypocalcaemic cardiomyopathy, 
which is marked by decreased left ventricular contractility. It also 
causes QT prolongation, which is visible on an electrocardiogram 
(ECG). QT prolongation is a measure of delayed ventricular repolariza-
tion calculated as the time between the start of the Q wave of the ECG 
and the end of the T wave84,85. This prolongation indicates a delay in the 
heart’s electrical system to reset (repolarize) after each beat. Delayed 
ventricular repolarization leaves the myocardium vulnerable to the next 
depolarization signal, which can trigger a ventricular arrhythmia or tor-
sades de pointes, a specific type of ventricular tachycardia associated with 

hypotension, poor perfusion and high risk of devolving into ventricular 
fibrillation, which is lethal if left untreated48,86,87. The risk of cardiac dys-
rhythmia is especially high when hyperkalaemia and hypocalcaemia occur 
at the same time. Thus, TLS puts patients at risk of cardiac dysrhythmia 
by two mechanisms, and hyperphosphataemia sets the stage for both.

Neurological and musculoskeletal complications
Neurological complications, particularly seizures, are primarily associ-
ated with hypocalcaemia21. Seizures occur in ~1% of hospitalized patients 
with TLS as reported in the NIS study in the USA, which includes TLS 
cases from 2010 to 2013 (ref. 7). Calcium is involved in membrane stabil-
ity and neurotransmitter release and excitability. When calcium levels 
are low, there is a decrease in the threshold potential required to gener-
ate an action potential, leading to increased neuronal excitability88. This 
increased excitability can manifest as muscle twitching, spasms (tetany) 
and paraesthesias88–91. Furthermore, in the setting of hypocalcaemia, the 
reduced availability of calcium can impair neurotransmitter release and 
result in central nervous system (CNS) manifestations, including altered 
mentation, cognitive deficits and seizures. Serum hypocalcaemia leads 
to low calcium levels in cerebrospinal fluid, which leads to increased 
neuronal excitability in the CNS88. Indeed, raising the calcium concentra-
tion in cerebrospinal fluid in experimental models decreases synaptic 
excitability and reduces susceptibility to seizures92,93. Hypocalcaemia 
not only affects neuronal excitability in the CNS but also in skeletal 
muscles, manifesting as muscle weakness, muscle spasms or tetany, 
and muscle damage marked by elevated creatine kinase levels89,94–97.

Box 3 | International consensus classification of tumour lysis syndrome risk groups
 

Low-risk cancers
 • Most solid tumours
 • Multiple myeloma
 • Adult intermediate-grade non-Hodgkin lymphomas with lactate 
dehydrogenase (LDH) within 2× the upper limit of the normal 
range (ULN)

 • Indolent lymphomas
 • Adult anaplastic large cell lymphoma
 • Chronic lymphocytic leukaemia (CLL) with a white blood cell 
count (WBC) <50 × 109/l treated only with alkylating agents

 • Chronic myeloid leukaemia
 • acute myeloid leukaemia (AML) with WBC <25 × 109/l and LDH 
of <2× ULN

Intermediate-risk cancers
 • Rare, highly chemotherapy-sensitive solid tumours (for example, 
neuroblastoma, germ cell tumour, small-cell lung cancer) with 
bulky or advanced-stage disease

 • Plasma cell leukaemia
 • CLL treated with fludarabine, rituximab, lenalidomide or 
venetoclax and lymph node ≥5 cm or absolute lymphocyte count 
≥25 × 109/l, or those with high WBC ≥50 × 109/l

 • AML with WBC of 25–100 × 109/l or WBC <25 × 109/l and LDH ≥2× ULN
 • Adult T cell leukaemia/lymphoma, diffuse large B cell, transformed 
and mantle cell lymphomas with LDH above ULN, non-bulky

 • Childhood anaplastic large cell lymphoma, stage III–IV
 • Childhood intermediate-grade non-Hodgkin lymphoma 
stage III–IV with LDH ≥2× ULN

 • Acute lymphoblastic leukaemia and WBC <100 × 109/l and LDH 
<2× ULN

 • Burkitt lymphoma and LDH <2× ULN

High-risk cancers
 • Burkitt leukaemia or lymphoma stage III–IV and/or LDH ≥2× ULN
 • Lymphoblastic lymphoma stage III–IV and/or LDH ≥2× ULN
 • Stage III–IV childhood diffuse large B cell lymphoma with LDH 
≥2× ULN

 • Adult T cell leukaemia/lymphoma, diffuse large B cell, 
transformed and mantle cell lymphomas with bulky disease and 
LDH ≥2× ULN

 • Acute lymphoblastic leukaemia and WBC ≥100 × 109/l and/or LDH 
≥2× ULN

 • AML and WBC ≥100 × 109/l
 • CLL treated with venetoclax and lymph node ≥10 cm, or lymph 
node ≥5 cm and absolute lymphocyte count ≥25 × 109/l

 • Intermediate-risk disease with renal dysfunction or renal 
involvement by cancer

 • Intermediate-risk disease with uric acid, potassium or phosphate 
above ULN

 • Hyperuricaemia at presentation

This Box draws on concepts and data developed in ref. 28.
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Haemodynamic consequences
The effect of TLS on haemodynamics extends beyond cardiomyo-
pathy or arrhythmias potentiated by hypocalcaemia or hyperkalae-
mia. Tumour lysis also results in the release of massive amounts of 
cytokines, precipitating a systemic inflammatory response and dis-
tributive shock50,98–101. This cascade can lead to multiple organ failure 
and, in severe cases, can result in cardiac arrest99. Cytokines potentially 
implicated in haemodynamic instability include tumour necrosis fac-
tor (TNF), IL-6 and IL-10 (refs. 50,98,99,102,103). The intricate interplay 
between electrolyte derangements, cardiac function and conductivity, 
and cytokine release underscores the complex and potentially severe 
cardiovascular implications associated with TLS100,101.

Diagnosis, screening and prevention
Diagnosis
The diagnosis of TLS relies on laboratory abnormalities1,2,4. It is recom-
mended that patients newly diagnosed with cancer undergo screening 
for TLS by measuring serum potassium, phosphorus, calcium, uric 
acid and creatinine. Given the potential seriousness of complications 
associated with TLS, maintaining vigilance for this adverse event is cru-
cial. This vigilance should commence before the initiation of therapy, 
regardless of the perceived risk, especially in the current era of preci-
sion medicine utilizing highly effective, targeted, immune-based and 
cellular anticancer therapies. It is crucial to monitor early indicators of 
rising phosphate or potassium levels (even if they remain within safe 
limits) shortly after treatment initiation. Early intervention can prevent 

these levels from reaching dangerous levels. Recent expert consensus 
guidelines, developed through a modified Delphi method, highlight 
key parameters for monitoring TLS104. Urine output, creatinine, blood 
urea nitrogen, phosphate and uric acid are considered important for 
monitoring renal function, whilst urine pH, sodium, chloride, carbon 
dioxide and carbonate are not104. Whilst testing for potassium levels is 
essential, the need for an ECG or continuous cardiac monitoring would 
depend on the severity of ongoing TLS, affected by the tumour bulk, 
specific anticancer drug used, and the presence of hyperkalaemia or 
hypocalcaemia104.

Screening and monitoring
The monitoring frequency depends on age, cancer type, tumour bur-
den, specific anticancer treatment, renal function and comorbidity. 
Decisions regarding inpatient or outpatient care should be based on the 
degree of TLS risk, the severity of ongoing TLS as determined by the lev-
els of uric acid, phosphorus and potassium, comorbidity, and the pres-
ence of large mediastinal mass, which can cause airway obstruction, 
cardiovascular compression and pulmonary embolism105,106. Addi-
tional considerations for decision-making include distance between 
the patient’s home and treatment centre, treatment adherence, and 
financial status.

Outpatient monitoring. Full-service medical centres generally monitor 
patients in the outpatient setting every 12 h. In the outpatient setting, 
on the first day of treatment for newly diagnosed or relapsed cancer, 
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Fig. 2 | Crystal-induced renal injury and cardiac dysrhythmias during tumour 
lysis syndrome. Tumour lysis is the expected, and desired, result of anticancer 
therapy. Tumours release phosphorus, potassium and DNA, which is quicky 
metabolized to hypoxanthine, xanthine, and uric acid. Uric acid crystals can 
adhere to the urothelium and initiate a cascade of events that lead to acute kidney 
injury and the inability to handle the large phosphate and potassium loads from 
tumour lysis66,69. This leads to accumulation of these solutes and tumour lysis 

syndrome. Unfortunately, the increase in phosphorus that accompanies tumour 
lysis leads to calcium phosphate crystal formation that can further damage 
the kidneys and precipitate in the cardiac conducting system and soft tissues. 
Urine alkalinization that is sometimes used to increase the solubility of uric acid 
decreases the solubility of calcium phosphate and should not be used in patients 
with hyperphosphataemia. Finally, hyperphosphataemia causes secondary 
hypocalcaemia that can lead to seizures, tetany and cardiac dysrhythmias2.
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consensus guidelines2,104 suggest monitoring patients at low risk of 
TLS once daily. However, there is no consensus on the monitoring 
frequency for patients at intermediate risk. Generally, these patients 
are monitored at most twice daily or every 12 h until they are no longer 
at risk, and there is no laboratory evidence for TLS.

Inpatient monitoring. Patients with LTLS or CTLS or those at high 
risk should receive treatment in the inpatient setting. There is no 
uniform agreement on the optimal monitoring frequency for inpa-
tients at intermediate risk. Amongst a modified Delphi panel of 
experts, two-thirds of the panellists favoured a monitoring interval 
of twice daily or every 12 h (ref. 104). The challenge with patients at 
intermediate risk stems from the inherent complexity of TLS; the 
patient population is heterogeneous and some are treated as outpa-
tients. For adult inpatients at high risk, the consensus recommends 
monitoring every 6 h, with those exhibiting CTLS or LTLS undergo-
ing monitoring every 4 h (ref. 104). Some panellists emphasized the 
challenges associated with implementing monitoring intervals of 
<8 h in their centres because of constraints related to insufficient 
time for receiving laboratory results and adjusting treatment104. In 
contrast, paediatric patients are routinely monitored every 4–6 h 
(ref. 104). Panellists underscore that patients with hyperkalaemia 
or hyperphosphataemia should receive more frequent monitoring, 
and consultation with a nephrologist is warranted when the patient 
has a potential need for dialysis104.

Prevention
Prophylactic measures are essential for patients at high or intermedi-
ate risk of TLS. The primary aim of prophylaxis is to safeguard renal 
function by maintaining adequate urine output, lowering blood lev-
els of uric acid, phosphate and potassium, and rectifying other meta-
bolic imbalances104. Additionally, management should encompass the 
prevention of dysrhythmias and neuromuscular complications, with 
special attention given to older adults61,107.

Prophylactic strategies primarily revolve around expanding fluid 
volume and reducing uric acid levels, achieved through the adminis-
tration of hypouricaemic agents104. For patients at low risk without 
extensive disease involvement, allopurinol is often recommended, 
whilst paediatric patients at high risk or with substantial disease bur-
den may benefit more from rasburicase, which rapidly and effectively 
reduces and prevents hyperuricaemia45,108–110. Consensus-based recom-
mendations for TLS prophylaxis, with some adjustments, are outlined 
in Table 1 (ref. 104).

Optimal hydration aims to expand extracellular fluid volume 
and improve renal perfusion and glomerular filtration. The objective 
is to stimulate ample urine production to dilute the harmful solutes 
released during tumour lysis, thereby reducing the risk of uric acid 
or calcium phosphate precipitation in the tubules. For patients at low 
risk, oral fluid intake of 2–3 l/m2 is recommended before initiating any 
anticancer therapy with TLS potential104. For patients at intermediate 
or high risk, continuous isotonic saline infusion at a large volume 
based on hydration status and cardiac function is recommended. 
Close monitoring of hydration status and urine output is essential, 
with assessments scheduled every 6–8 h. Adults should maintain urine 
output above 100 ml/m2/h (ref. 104) whilst young children should aim 
for over 2–4 ml/kg/h (refs. 3,4). Before initiating aggressive intravenous 
hydration, correctable forms of AKI, such as urinary tract obstruction, 
should be addressed.

However, intravenous hydration carries the risk of fluid overload 
in patients with underlying AKI or cardiac dysfunction or in older 
patients, especially if there are signs of volume overload such as inter-
stitial oedema104. These patients require a personalized approach 
based on a comprehensive assessment of fluid status, ongoing clinical 
monitoring and regular adjustments based on individual response. 
In such instances, close monitoring of vital signs, urine output and 
symptoms of volume overload (such as peripheral oedema, increasing 
body weight or, changing respiratory status) is crucial. Transfusion, if 
necessary, should be administered cautiously and in small volumes to 
mitigate this risk. Diuretics are not routinely recommended because 
they may cause volume contraction, compromising renal haemody-
namics and accentuating the risks of TLS and AKI111. Diuretic use is 
contraindicated in patients with hypovolaemia (low blood volume) 
or obstructive nephropathy112. The choice of diuretic for patients with 
TLS remains uncertain; however, loop diuretics like furosemide may 
be preferred as they promote diuresis and potentially enhance potas-
sium secretion111. Thiazides should be avoided as they elevate uric acid 
levels and nephrotoxic drugs should be excluded from the treatment 
regimen2,111.

The choice of hydration fluid depends on the specific clinical con-
text. According to expert recommendations, for patients undergoing 
remission induction for ALL who are receiving steroids, initial hydration 
with 5% dextrose and one-quarter normal saline is advised112. This fluid 
helps mitigate sodium retention and hypertension, which are com-
mon adverse effects of steroid use during this phase of treatment112. 
For patients presenting with hyponatraemia (low sodium) or volume 
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Fig. 3 | pH-dependent solubility of calcium phosphate, uric acid, xanthine 
and hypoxanthine guides urine alkalinization in patients at risk of tumour 
lysis syndrome. Uric acid solubility increases dramatically as urine pH increases, 
with a solubility of 254 mg/dl at a pH of 7 compared with only 7.8 mg/dl at a pH 
of 5, so the rate of uric acid crystal formation is much lower in alkaline urine. For 
this reason, urine alkalinization was commonly practised for patients at risk of 
tumour lysis syndrome prior to the availability of rasburicase. Unfortunately, 
calcium phosphate is much less soluble at alkaline pH and thus more likely 
to crystalize. In places with access to rasburicase, uric acid can be removed 
enzymatically and urine alkalinization is contraindicated. When rasburicase 
is not available, the decision to alkalinize depends on whether uric acid is 
elevated (favours alkalinization) or phosphate is elevated (favours avoiding 
alkalinization). Most importantly, xanthine has low solubility regardless of urine 
pH and xanthine nephropathy can occur when patients with a high cancer cell 
burden are treated with allopurinol, which leads to xanthine accumulation. 
Adapted with permission from ref. 212, Cambridge University Press.
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depletion, isotonic saline is preferred. Caution is warranted during 
tumour breakdown as the risk of hyperkalaemia and hyperphospha-
taemia increases. Consequently, potassium and phosphate should be 
withheld from hydration fluid to prevent hyperkalaemia and calcium 
phosphate precipitation112.

The optimal duration of hydration lacks standardized guidelines 
and is contingent upon various factors such as tumour bulk, chemo-
therapy regimen (some treatments induce TLS several days later), 
drug sensitivity, the patient’s oral intake capability and renal function. 
Intravenous hydration should be continued until the tumour burden 
has decreased substantially, tumour lysis subsides and the patient 
demonstrates adequate oral intake with satisfactory urine output.

Historically, urinary alkalinization using acetazolamide or sodium 
bicarbonate was employed to enhance uric acid solubility113–115. How-
ever, this practice is now discouraged due to the availability of ras-
buricase, which effectively breaks down uric acid and can rapidly 
resolve hyperuricaemia without the need for urinary alkalinization. 
Furthermore, alkalinization poses risks such as calcium phosphate 
deposition in vital organs, including kidneys and heart, particularly 

in the presence of marked hyperphosphataemia116,117. Alkalosis (exces-
sive blood alkalinity) also increases the likelihood of calcium binding 
to albumin, raising the risk of tetany and cardiac arrhythmias111,118,119. 
Thus, sodium bicarbonate administration is reserved for patients with 
severe metabolic acidosis112. In regions where rasburicase is unavail-
able, urine alkalinization may be considered for patients with high 
uric acid levels and normal serum phosphorus. However, vigilance 
is paramount, and alkalinization should be swiftly reversed upon the 
onset of hyperphosphataemia.

Management
Management of hyperuricaemia
Allopurinol. For the initial management of both adult and paediat-
ric patients at low or intermediate risk of TLS, many clinicians use 
allopurinol instead of rasburicase, partly because the latter is more 
costly and less available, provided that pretreatment uric acid levels 
are within normal limits17,37,38. Allopurinol, a hypoxanthine analogue, 
competitively inhibits xanthine oxidase, thus impeding the conversion 
of hypoxanthine and xanthine to uric acid (Fig. 2). This mechanism 

Table 1 | Prophylaxis and management of laboratory and clinical tumour lysis syndrome

Parameter Recommendations

Monitoring Inpatient monitoring of creatinine, phosphate, calcium and uric acid every 4–6 h for patients at high risk of TLS
ECG or continuous cardiac monitoring for patients at risk of cardiac arrhythmia

Hydration Administer a saline bolus followed by continuous intravenous infusion at a rate of 2–3 l/m2 per day. For patients receiving 
glucocorticoids, avoid dextrose-containing fluids
Avoid fluids containing potassium, calcium or phosphate such as lactated Ringer solution
Assess hydration status every 6–8 h to ensure optimal fluid balance and prevent dehydration or symptomatic fluid overload (not 
including peripheral oedema)
Aim for a urine output of ≥100 ml/m2/h for adults and >2 ml/kg/h in children
Avoid use of diuretics, which can worsen renal function. Diuretics should only be used for patients with symptomatic fluid overload at 
risk of requiring dialysis to remove excess fluid. Furosemide slows uric acid elimination, so mannitol is preferred if a diuretic is required 
for symptomatic fluid overload.

Hyperuricaemia Regular laboratory assessments and hyper-hydration as outlined above
Rasburicase for patients at high risk of TLS or with hyperuricaemia (uric acid above the upper limits of the normal range) at presentation
Refrain from urine alkalinization if rasburicase is available as it can worsen calcium phosphate crystallization and cause AKI
Some clinicians consider allopurinol for patients at lower risk, though it has not been shown to improve TLS or prevent AKI and has been 
associated with xanthine nephropathy in the setting of bulky cancer

Hyperphosphataemia Incorporate a dietary regimen that restricts phosphate intake
Optimize hydration through increased intravenous fluid administration
Ensure intravenous solutions are devoid of phosphate content
Administer phosphate binders such as calcium carbonate, sevelamer or lanthanum carbonate
Dialysis or haemofiltration is only necessary if severe hyperphosphataemia is accompanied by other issues that warrant such 
intervention (life-threatening hyperkalaemia, symptomatic fluid overload)

Hypocalcaemia Monitor in the intensive care unit and consult a nephrologist and intensive care unit physician
Continous cardiac monitoring
Asymptomatic hypocalcaemia does not require treatment
For symptomatic hypocalcaemia, administer calcium gluconate intravenously at the lowest effective dose

Hyperkalaemia Monitor in the intensive care unit and consult a nephrologist and intensive care unit physician
Continuous cardiac monitoring in patients with potassium levels ≥6 mmol/l or those with AKI
Arrhythmia and acute cardiotoxicity require urgent administration of calcium gluconate
If ECG changes are observed, administer intravenous calcium gluconate over 30 min even in the absence of arrhythmia
Manage hyperkalaemia with sodium polystyrene sulfonate, sodium zirconium cyclosilicate or patiromer
In cases of refractory or severe hyperkalaemia, or if arrhythmia occurs, administer rapid-acting insulin, glucose or dextrose infusion, and 
sodium bicarbonate
Consider administering albuterol via inhalation as needed

AKI, acute kidney injury; ECG, electrocardiogram; TLS, tumour lysis syndrome.
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effectively curtails new uric acid formation, consequently reducing 
the likelihood of obstructive uropathy in patients with malignant dis-
ease at risk of TLS120,121. Oral allopurinol is a cost-effective medication; 
in scenarios where oral administration is not feasible, intravenous 
allopurinol is a viable alternative but is much more costly than oral 
allopurinol122. It should also be noted that, whilst allopurinol decreases 
uric acid formation, it does not directly reduce pre-existing serum uric 
acid. Some experts recommend initiating allopurinol 2–3 days before 
anticancer treatment, continuing until TLS risk decreases and serum 
uric acid normalizes104.

Febuxostat. Febuxostat, an alternative xanthine oxidase inhibitor, 
is an orally administered drug used for the management of chronic 
hyperuricaemia in gout123. Unlike allopurinol, it does not need dose 
adjustment for mild to moderate renal impairment and has fewer 
drug–drug interactions. Despite having efficacy comparable to that 
of allopurinol and being approved for TLS use in the European Union, 
the USA and Japan, febuxostat is less commonly used than allopu-
rinol, primarily due to its higher cost124. Two long-term studies in 
patients with gout and cardiovascular disease yielded conflicting 
results regarding a potential association with higher all-cause and 
cardiovascular mortality with febuxostat when compared with allopu-
rinol125,126. Febuxostat can be considered in patients with allopurinol 
hypersensitivity127–129. Most importantly, patients with bulky disease 
should avoid receiving allopurinol or febuxostat since they decrease 
synthesis of uric acid at the expense of accumulation of xanthine, 
which has even lower solubility (and higher rates of crystallization) 
than uric acid, potentially exacerbating TLS and AKI when a substan-
tial load of purines is released into the circulation during tumour 
lysis130–132 (Figs. 2 and 3).

Rasburicase. In cases of rapidly progressive disease or chemotherapy-
sensitive cancer, experts advise against delaying anticancer treatment 
while awaiting the effects of allopurinol to reduce uric acid production, 
instead favouring the use of rasburicase17,37,38. This recommendation is 
particularly emphasized in children undergoing treatment for condi-
tions such as Burkitt leukaemia or lymphoma with a substantial tumour 
burden, T cell ALL or monoblastic leukaemia104. In cases of very bulky, 
highly treatment-sensitive tumours such as Burkitt leukaemia or lym-
phoma, some treatment guidelines recommend using a ‘prephase’ 
(preparatory phase of lower dose of chemotherapy to reduce tumour 
burden) before full-dose chemotherapy to mitigate the severity of 
TLS104,133. If hyperuricaemia or LTLS develops in patients during treat-
ment, rasburicase should be initiated once the uric acid level surpasses 
7.5 mg/dl (446 µmol/l)104,111. Rasburicase, a recombinant urate oxidase 
catalysing the oxidation of uric acid into the more soluble allantoin, 
lowers serum uric acid to 1 mg/dl (59 µmol/l) within 4 h at the standard 
dose approved by the FDA108. This rapid reduction surpasses allopu-
rinol and has been shown to improve renal function in randomized 
trials in the paediatric setting110,134. This rapid reduction of uric acid, 
demonstrated in multiple large paediatric and adult studies, supports 
the efficacy and safety of rasburicase in patients at high risk of and 
those presenting with TLS45,109,135–138. Importantly, the rapid reduction 
of uric acid by rasburicase could potentially prevent crystallization of 
uric acid and co-precipitation with calcium phosphate while enhancing 
phosphate excretion104,108.

Adult patients typically receive allopurinol and, when rasburicase 
is deemed necessary, both agents are often administered concur-
rently. However, simultaneous use raises concerns about the potential 

accumulation of xanthine, a less soluble by-product of allopurinol 
treatment, that causes xanthine nephropathy139,140 (Figs. 2 and 3). Whilst 
most laboratories do not measure urine xanthine, urine microscopy 
can reveal yellowish and pinkish crystals130. The goal of therapy is to 
prevent urine crystal formation; therefore, the observation of crys-
tals by urine microscopy suggests inadequate TLS prophylaxis. The 
amount of xanthine produced by lysis of cancer cells in patients treated 
with allopurinol is predictable based on its mass. A 500-g cancer mass 
contains sufficient DNA and RNA to produce ~4,500 mg of xanthine, 
which is converted into 5,000 mg of uric acid by xanthine oxidase. 
Allopurinol blocks the conversion of xanthine to uric acid, and xanthine 
is excreted in the urine rather than uric acid (Fig. 2). In a phase III trial 
comparing rasburicase alone, rasburicase followed by allopurinol, and 
allopurinol alone, rasburicase alone achieved a higher rate of serum 
uric acid normalization and a faster time to plasma uric acid control 
than allopurinol alone137. The response rate was also higher for rasbur-
icase plus allopurinol compared with allopurinol alone, although the 
difference was not statistically significant; xanthine was not measured. 
Whilst further studies are required in adults, the paediatric approach 
generally involves initiating rasburicase alone in patients who have high 
risk of TLS and elevated uric acid levels and replacing it with allopurinol 
when the patient is no longer at high risk of TLS17,83,104,110,134. Although a 
pegylated form (chemically attached to polyethylene glycol to increase 
stability and half-life) of rasburicase is available (pegloticase, which has 
a long-lasting effect), this drug is mainly used in patients with chronic 
refractory gout and is rarely used in patients with cancer141.

Rasburicase usage requirements. The FDA approval for rasburicase 
indicates once daily administration for a maximum of 5 days. As a costly 
drug, it is frequently given as a single dose or at lower doses than those 
approved in order to save cost35,104,142–146. However, such strategies 
would ideally be employed only in the context of a clinical trial with 
strict safety monitoring. This is because using lower doses or a single 
dose has been associated with the need for repeated rasburicase dos-
ing after failure to control uric acid and, in some cases, the need for 
haemodialyses and death from TLS35,143–147. When employing a single 
dose or reduced dose of rasburicase, vigilant monitoring of uric acid 
is imperative to assess the necessity for additional dosing. Rasburicase 
should be infused over 30 min (ref. 104).

Several studies have compared hospitalization costs, length of 
stay and duration of critical care in patients treated for TLS with either 
rasburicase or allopurinol. In one paediatric study, treatment with 
rasburicase was associated with a significant reduction in critical care 
days (1.4 days versus 2.5 days; P = 0.0001) but not with a significant dif-
ference in length of stay (13.8 days versus 14.9 days; P = 0.69) or total 
cost (US$ 30,470 versus US$ 35,165; P = 0.43)148. In another analysis 
of paediatric patients with TLS treated in a real-world setting, rasbur-
icase was associated with significantly shorter intensive care unit stay 
(2.5 days less; P < 0.001) and overall hospital stay (5 days less; P = 0.02) 
and lower total inpatient costs (US$ 20,038 less; P < 0.02) as compared 
with allopurinol149. In a pan-European multicentre economic study, 
treatment with rasburicase was found to be cost-effective for both 
children and adults in addition to demonstrating clinical benefits150.

Because rasburicase remains active ex vivo and can lead to enzy-
matic degradation of uric acid, it is crucial that blood samples intended 
for determining uric acid levels be promptly placed on ice to deactivate 
the drug142. These samples should then be delivered immediately to the 
laboratory to prevent artificially low uric acid measurements, thereby 
avoiding the possibility of overlooking an ongoing TLS diagnosis151. 
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For patients with a history of drug-induced haemolytic anaemia and/or 
belonging to a racial or ethnic background associated with glucose-
6-phosphate dehydrogenase deficiency (including Mediterranean, 
African or Southeast Asian descent), an enzyme test should be con-
ducted prior to rasburicase administration. This precaution is neces-
sary because hydrogen peroxide, a by-product of enzymatic oxidation 
of uric acid by rasburicase, has the potential to induce haemolytic 
anaemia or methaemoglobinaemia152,153.

Management of hyperphosphataemia
Hyperphosphataemia treatment options encompass a range of strate-
gies, including dietary phosphate restriction, increased fluid intake, the 
exclusion of phosphate from intravenous solutions, and the administra-
tion of phosphate binders such as sevelamer, lanthanum, calcium-based 
binders and iron-based binders2,104. However, their effectiveness in 
promptly lowering serum phosphorus levels is limited due to the intra-
cellular origin of phosphorus rather than dietary intake2. Despite this 
limitation, phosphate binders may hold value in patients experiencing 
ongoing TLS who are consuming unrestricted diets. When selecting a 
binder, careful consideration should be given to their specific charac-
teristics. Lanthanum, for instance, can interfere with abdominal X-rays 
and manifest as radiopaque material154. Calcium carbonate and calcium 
acetate pose the risk of elevating calcium levels and predisposing the 
patient to calcium phosphate precipitation and tissue deposition104. 
In cases of severe hyperphosphataemia, haemodialyses or haemo-
filtration is an effective method for phosphorus removal. However, 
these interventions are typically reserved for instances accompanied 
by other clinical or laboratory indications necessitating dialysis such 
as life-threatening hyperkalaemia or symptomatic fluid overload104.

Management of hypocalcaemia
Prophylactic measures for hypocalcaemia are not universally recom-
mended across all risk levels of TLS. Moreover, the treatment of asymp-
tomatic hypocalcaemia should be avoided to prevent the precipitation 
of calcium phosphate in various organs and tissues, which can lead 
to AKI or cardiac dysrhythmia104. Consensus guidelines recommend 
measuring both ionized and total calcium in patients with TLS104. Given 
that albumin levels are often low in these patients, measurement of 
ionized calcium levels is recommended, and only if the assay is not 
available, corrected calcium can be used as a measurement; however, 
this may not be as accurate as total calcium155,156. In cases of symp-
tomatic hypocalcaemia, characterized by tetany, seizure, muscular 
fasciculation, bronchospasm and laryngospasm, calcium infusion is 
employed when calcium levels drop to ≤7 mg/dl or ionized calcium 
falls below ≤3.2 mg/dl (≤0.8 mmol/l). This infusion may be repeated 
hourly until symptoms abate or calcium levels normalize104,111. When 
hyperphosphataemia coexists with symptomatic hypocalcaemia, it is 
prudent to administer the lowest effective dose of calcium necessary to 
alleviate symptoms. The aforementioned strategies aimed at reducing 
phosphorus levels can also aid in restoring normal calcium levels.

Management of hyperkalaemia
Patients are advised to steer clear of potassium-rich foods as even 
asymptomatic cases of hyperkalaemia can pose a risk of sudden death. 
Expert consensus suggests considering pharmacological intervention 
when serum potassium levels are ≥5.5 mmol/l with continuous cardiac 
monitoring recommended for levels ≥6 mmol/l, particularly in patients 
with AKI and TLS or those with rapidly escalating potassium levels104. 
A nationwide inpatient analysis in the USA found that arrhythmia was 

present in 24% of hospitalized adults with TLS, with significantly higher 
in-hospital mortality rates observed amongst those with arrhythmia 
than amongst those without (32.0% versus 21.3%; P < 0.001)61.

Initial treatment for patients diagnosed with LTLS and hyperkalae-
mia often involves oral potassium-lowering binders such as sodium 
zirconium cyclosilicate, patiromer or sodium polystyrene sulfonate, 
supplemented with crystalloid volume expansion and diuretics as 
needed104. Adequate hydration is vital, with higher fluid rates recom-
mended for patients with hyperkalaemia. Increasing tubular flow with 
crystalloid not only enhances renal blood flow and glomerular filtra-
tion rate but also activates flow-dependent Big potassium channels, 
promoting kaliuresis (excretion of potassium in the urine)157. When 
oral agents are ineffective or symptomatic hyperkalaemia is present, 
intravenous administration of insulin and glucose infusion is recom-
mended112,151. Sodium bicarbonate may be considered; however, its 
use is generally limited to cases with concurrent metabolic acidosis 
and is not a primary component of TLS management, considering the 
potential for exacerbating phosphorus precipitation, especially in 
the kidneys104. Decisions regarding the initiation of renal replacement 
therapy or dialysis for hyperkalaemia typically fall under the purview 
of nephrologists or intensive care unit physicians.

When substantial ECG changes are evident, emergency measures 
to stabilize the cardiac membrane with calcium gluconate should be 
promptly considered. Whilst raising calcium levels may increase the 
risk of calcium phosphate crystal precipitation in the kidneys and 
cardiac conduction system, the imperative to address cardiac dysrhyth-
mias and sudden cardiac death associated with hyperkalaemia out-
weighs this concern. Management should involve calcium gluconate 
infusion and/or insulin and glucose administration, complemented by 
ECG monitoring as per established guidelines112,151.

Quality of life
Immediate effects of TLS on quality of life
TLS poses a life-threatening risk, substantially diminishing the quality 
of life for affected patients and prolonging their hospital stay. It height-
ens the likelihood of admission to the intensive care unit, increases 
the incidence of AKI and exacerbates the probability of subsequent 
AKI when exposed to nephrotoxins later in therapy. The potential 
for subsequent AKI emerges as a particularly critical factor in the 
deterioration of the quality of life of patients, influencing decisions 
regarding chemotherapy choice selection and necessitating dosage 
reduction. Consequently, this increases the risk of relapse and the need 
for aggressive salvage therapies158. For example, patients with TLS face 
an increased risk of delayed elimination of methotrexate following 
high-dose administration, leading to a decrease in dose intensity of  
subsequent treatment while awaiting its elimination and recovery 
of renal function158–160.

Long-term effects of TLS on quality of life
TLS, by itself, should not directly influence long-term quality of life. 
However, diminished renal function resulting from TLS can have endur-
ing effects on a patient’s overall health and renal well-being161,162. Some 
patients can lose half of their renal function due to TLS, placing them at 
very high risk of subsequent AKI upon exposure to additional nephro-
toxic substances such as chemotherapy agents like high-dose metho-
trexate or supportive care medications like vancomycin163–171. In certain 
scenarios, patients can encounter multiple AKI episodes, including an 
initial episode due to TLS, followed by subsequent episodes triggered 
by factors such as bacteraemia treated with vancomycin or high-dose 
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methotrexate administration158. Many cancer therapies and supportive 
care agents possess nephrotoxic properties, potentially exacerbating 
renal damage initiated by TLS during the initial treatment phase158. 
Moreover, ageing individuals commonly experience renal senescence, 
characterized by measurable declines in glomerular filtration rate after 
the age of 50 years, rendering them more susceptible to renal injury172. 
An increasing number of studies suggest that inadequate renal adap-
tation after AKI can lead to CKD161,162,173,174. The loss of renal function 
due to TLS sets in motion an accelerated decline in kidney function, 
laying the groundwork for the premature onset of clinically significant 
CKD175–177 (Fig. 4). Health-related quality of life is intricately intertwined 
with renal function, with notable declines observed in patients as CKD 
progresses, particularly in advanced stages (stages 4 and 5), and is 
further compromised in those requiring maintenance dialysis178–182.

Outlook
Several important knowledge gaps exist in the management of TLS that 
warrant further investigation183. First, there is ongoing debate regard-
ing the utility of xanthine oxidase inhibitors, such as allopurinol and 
febuxostat, in enhancing renal and clinical outcomes compared with 
standard care. Allopurinol is commonly used to reduce the formation of 
new uric acid in patients at risk for TLS, though it has never been shown 
to improve outcomes. The controversy stems from concerns regarding 
xanthine accumulation, which increases the risk of xanthine nephropa-
thy. Second, there is an urgent need for a simplified risk classification 
system that clinicians can rapidly and effectively apply at the bedside 
of patients potentially at risk of TLS. Third, the intermediate-term and 
long-term effects of TLS on subsequent AKI risk and long-term renal 

function have not been evaluated. Finally, access to rasburicase at an 
appropriate dose remains problematic for people in countries with 
limited resources and those who lack adequate health-care coverage.

Should the xanthine oxidase inhibitors allopurinol 
and febuxostat play any role in patients at risk of TLS?
In regions where rasburicase is not available, the use of allopurinol 
emerges as a pragmatic choice. However, the question ‘Is allopurinol 
better than nothing?’ frequently arises, particularly in LMICs184. Hyperu-
ricaemia, a hallmark of TLS, has conventionally been addressed with 
allopurinol185,186. Unfortunately, the mechanism of action of allopurinol, 
involving the inhibition of xanthine oxidase and the resultant accumula-
tion of xanthine, poses challenges130–132 (Fig. 3). This accumulation of 
xanthine molecules, at the expense of reduction of new uric acid in a 
one-to-one ratio, often goes unnoticed due to infrequent measurement 
of serum and urine xanthine levels, potentially leading to xanthine 
nephropathy139,140,187–189. This phenomenon explains the frequent clini-
cal observation of patients with bulky disease treated with allopuri-
nol who develop AKI despite well-controlled uric acid levels. It should 
come as no surprise that enabling an extremely insoluble molecule 
(xanthine) to accumulate would lead to crystallization in the renal 
tubules and induce crystal-induced renal injury. Depending on urine 
pH, xanthine is anywhere from 2% to 30% as soluble as uric acid, and 
therefore much more prone to crystallizing in the renal tubules and to 
cause crystal-induced renal injury2,189–192. Thus, enabling the accumula-
tion of an unmeasured, extremely insoluble molecule like xanthine to 
avoid the accumulation of a measurable, more soluble molecule like 
uric acid is likely counterproductive140. This issue may be inevitable in 
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Fig. 4 | Age-related decline in renal function accelerates after loss of renal 
function due to acute kidney injury. Healthy people lose renal function at 
a predictable rate starting at birth but have sufficient renal function reserve 
that such losses do not affect their health or quality of life (blue line). Tumour 
lysis syndrome (TLS) can cause acute kidney injury at the time of diagnosis of 
cancer, which is associated with increased length of hospital stay, higher rates 
of intensive care unit admission, higher 30-day mortality and permanent loss of 
nephrons (yellow line)161,162,173,174. Most patients recover from the acute episode 

but permanently lose renal function, which puts them at risk of subsequent 
episodes of acute kidney injury with further loss of renal function (pink line)175–177. 
Age-related decline in renal function occurs at an accelerated rate in people 
with lower glomerular filtration rates and those with other chronic diseases like 
diabetes or hypertension (brown line). Health-related quality of life declines with 
worsening renal function and declines very steeply in those with severe chronic 
kidney disease (dark blue line on the right)178–182.
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settings where rasburicase is not available but is completely prevent-
able in countries with access to rasburicase since avoiding xanthine 
oxidase inhibitors enables all purines to be metabolized to uric acid, 
which can be both measured and managed130–132,139,140,187–189. In settings 
where rasburicase is not available, a randomized trial of best supportive 
care plus allopurinol versus best supportive care without allopurinol 
could provide valuable insights. This research would contribute to the 
refinement of TLS management strategies, particularly in resource-
constrained environments. The proposal of this randomized trial in 
these settings has been controversial: some argue that allopurinol 
has been used for almost a century and that many patients have good 
outcomes with its use, and therefore it would be unethical to withhold it, 
even though it has never been shown to reduce TLS or AKI. Others sug-
gest that xanthine nephropathy is a known complication of allopurinol 
use in this setting and that it represents a potentially harmful therapy 
with no proven benefit, and therefore its use is not ethical. The strong 
objection in both directions suggests that a randomized trial is war-
ranted and ethically obligatory. Universal access to rasburicase would 
be preferable and is discussed below.

Elimination of the intermediate-risk category and the 
imperative for simplified bedside risk stratification
Since the introduction of risk stratification systems, the definition 
of ‘intermediate risk’ has sparked intense debate. Despite ongoing 
discussion, the optimal management of patients classified as being at 
intermediate risk remains challenging. Adding to the complexity facing 
clinicians is the intricacy of applying multiple risk strata, often charac-
terized by elaborate lists and flow charts of risk factors. In response to 
these challenges, a simplified risk stratification system is needed that 
considers only the two independent risk factors for TLS: chemosensitiv-
ity and cancer bulk. Non-bulky disease is generally associated with a low 
risk of TLS, whereas bulky disease poses a high risk of TLS regardless of 
the cancer type or other factors. With effective frontline therapies now 
available for almost all cancers, most patients with bulky disease are 
consequently at risk of TLS (Fig. 2). Given that the ‘intermediate-risk’ 
category for TLS has never been adequately defined and treatment 
of patients in this risk group remains controversial, the most obvious 
simplification would be a division into two risk groups: ‘at risk’ (high 
risk) or ‘not at risk’ (low risk). Those at risk would receive a TLS care 
bundle with standard interventions. Implementing a straightforward 
trigger tool wherein clinicians simply assess cancer bulk and determine 
whether the patient has bulky disease (≥500 g of cancer in adults or 
300 g/m2 of body surface area in children) and then applies a standard-
ized package of interventions based on the ‘trigger’ of documented 
bulky disease has the potential to greatly simplify and standardize 
TLS management. To make the application of a simplified system even 
more practical, bulky disease can be estimated based on the presence 
of cancer in the bone marrow, liver or spleen, or of tumours at any site 
that are 10 cm in diameter or larger. We have previously advocated a 
more nuanced assessment of cancer bulk that carefully estimates the 
bulk of disease at these four sites and combines them for a total bulk 
score; however, this is more suitable in a research environment since 
precise estimation requires time and specific expertise. For rapid, 
practical application, each site can be assessed as bulky or not and, if 
any site is bulky, it identifies the patient as being at high risk of TLS. The 
TLS care bundle for patients at risk includes inpatient care, continuous 
cardiac monitoring, measurement of electrolytes every 4–8 h, hyper-
hydration, rasburicase administration, and reduction of potassium and 
phosphate. Further research is warranted to ascertain whether such an 

approach would make high-quality TLS management more practical 
across diverse health-care settings, like the success of trigger tools in 
other areas of health care193–196.

Effect of TLS on the risk of subsequent AKI during cancer 
therapy and on long-term renal function
Beyond risk stratification, there is a pressing need for comprehen-
sive analyses of the ramifications of TLS on subsequent AKI episodes, 
chemotherapy delays, dose reductions, relapse risk, long-term renal 
function and cancer prognosis. This research is indispensable for 
elucidating the cost-effectiveness of rasburicase and other interven-
tions since their benefits can be both short-term and long-term, par-
ticularly in preserving renal function and avoiding clinically relevant 
nephropathy as patients age. It has been shown that patients treated 
initially with allopurinol (versus rasburicase) have a higher risk of sub-
sequent delayed elimination of high-dose methotrexate despite the 
fact that it is administered 6 weeks later, indicating subclinical persis-
tent nephropathy158. However, the effect of initial TLS management on 
the tolerance of other chemotherapy agents and on long-term renal 
function is not known.

Access to essential medications for TLS management
Cancer care and outcomes in LMICs differ radically from those in 
high-income countries but many efforts are under way to reduce dis-
parities197–207. The essential medicines list (EML) of the WHO serves as 
a guiding framework for many governments in making procurement 
and reimbursement decisions pertaining to cancer care208. Currently, 
allopurinol is listed in the WHO EML whilst rasburicase is not. This 
discrepancy may have contributed to delays in rasburicase availability 
in LMICs, thereby increasing the risk of TLS-associated morbidity. 
Advocacy for the inclusion of rasburicase in the EML is imperative 
not only for potential cost savings but also for preservation of kidney 
function and the preservation of lives in settings where managing TLS 
complications, including intensive care and haemodialyses, may be 
particularly challenging22,209–211.

Published online: xx xx xxxx

References
1. Howard, S. C. in Abeloff’s Clinical Oncology (eds Niederhuber, J. E. et al.) 572–580 

(Elsevier, 2020).
2. Howard, S. C., Jones, D. P. & Pui, C. H. The tumor lysis syndrome. N. Engl. J. Med. 364, 

1844–1854 (2011).
3. Sharman, J. P. et al. A review of the incidence of tumor lysis syndrome in patients with 

chronic lymphocytic leukemia treated with venetoclax and debulking strategies. EJHaem 
3, 492–506 (2022).

4. Durani, U. & Hogan, W. J. Emergencies in haematology: tumour lysis syndrome. Br. J. 
Haematol. 188, 494–500 (2020).

5. Cairo, M. S. & Bishop, M. Tumour lysis syndrome: new therapeutic strategies and 
classification. Br. J. Haematol. 127, 3–11 (2004).

6. Mehta, R. L. et al. Acute Kidney Injury Network: report of an initiative to improve 
outcomes in acute kidney injury. Crit. Care 11, R31 (2007).

7. Durani, U., Shah, N. D. & Go, R. S. In-hospital outcomes of tumor lysis syndrome: a population-
based study using the national inpatient sample. Oncologist 22, 1506–1509 (2017).

8. Howard, S. C., Trifilio, S., Gregory, T. K., Baxter, N. & McBride, A. Tumor lysis syndrome 
in the era of novel and targeted agents in patients with hematologic malignancies:  
a systematic review. Ann. Hematol. 95, 563–573 (2016).

9. Kaur, V. & Swami, A. Ibrutinib-associated tumor lysis syndrome in a patient with mantle 
cell lymphoma: a case report. J. Oncol. Pharm. Pract. 23, 235–239 (2017).

10. Tam, C. S., Seymour, J. F. & Roberts, A. W. Progress in BCL2 inhibition for patients with 
chronic lymphocytic leukemia. Semin. Oncol. 43, 274–279 (2016).

11. Kaur, V., Mehta, P., Johnsurd, J. & Govindarajan, R. Ibrutinib-associated tumor lysis 
syndrome in a patient with chronic lymphocytic leukemia. Blood 124, 3503–3505 (2014).

12. Alqurashi, R. M., Tamim, H. H., Alsubhi, Z. D., Alzahrani, A. A. & Tashkandi, E. Tumor lysis 
syndrome in patients with solid tumors: a systematic review of reported cases. Cureus 
14, e30652 (2022).



Nature Reviews Disease Primers |            (2024) 10:58 14

0123456789();: 

Primer

13. Wossmann, W., Schrappe, M., Meyer, U., Zimmermann, M. & Reiter, A. Incidence of tumor 
lysis syndrome in children with advanced stage Burkitt’s lymphoma/leukemia before 
and after introduction of prophylactic use of urate oxidase. Ann. Hematol. 82, 160–165 
(2003).

14. Montesinos, P. et al. Tumor lysis syndrome in patients with acute myeloid leukemia: 
identification of risk factors and development of a predictive model. Haematologica 93, 
67–74 (2008).

15. Howard, S. C. & Pui, C. H. Pitfalls in predicting tumor lysis syndrome. Leuk. Lymphoma 47, 
782–785 (2006).

16. Hummel, M. et al. Recurrent chemotherapy-induced tumor lysis syndrome (TLS) with 
renal failure in a patient with chronic lymphocytic leukemia - successful treatment and 
prevention of TLS with low-dose rasburicase. Eur. J. Haematol. 75, 518–521 (2005).

17. Kelkar, N. & Wang, J. Clinical features and outcomes of tumor lysis syndrome in patients 
with gastrointestinal cancers. J. Clin. Oncol. 40, https://doi.org/10.1200/JCO.2022.40.4_
suppl.655 (2022).

18. Jallad, B. et al. Tumor lysis syndrome in small cell lung cancer: a case report and review 
of the literature. Onkologie 34, 129–131 (2011).

19. Jeha, S. Tumor lysis syndrome. Semin. Hematol. 38, 4–8 (2001).
20. Ji, J. et al. A pharmacokinetic/pharmacodynamic model of tumor lysis syndrome in 

chronic lymphocytic leukemia patients treated with flavopiridol. Clin. Cancer Res. 19, 
1269–1280 (2013).

21. Williams, S. M. & Killeen, A. A. Tumor lysis syndrome. Arch. Pathol. Lab. Med. 143, 
386–393 (2019).

22. Cairo, M. S. et al. Results of a randomized international study of high-risk central nervous 
system B non-Hodgkin lymphoma and B acute lymphoblastic leukemia in children and 
adolescents. Blood 109, 2736–2743 (2007).

23. Cairo, M. S. Recombinant urate oxidase (rasburicase): a new targeted therapy for 
prophylaxis and treatment of patients with hematologic malignancies at risk of tumor 
lysis syndrome. Clin. Lymphoma 3, 233–234 (2003).

24. Rios-Olais, F. A., Gil-Lopez, F., Mora-Canas, A. & Demichelis-Gomez, R. Tumor lysis 
syndrome is associated with worse outcomes in adult patients with acute lymphoblastic 
leukemia. Acta Haematol. https://doi.org/10.1159/000534453 (2023).

25. Xue, Y. et al. Clinical characteristics of tumor lysis syndrome in childhood acute 
lymphoblastic leukemia. Sci. Rep. 11, 9656 (2021).

26. Mato, A. R. et al. A predictive model for the detection of tumor lysis syndrome during 
AML induction therapy. Leuk. Lymphoma 47, 877–883 (2006).

27. Biro, E. et al. Daily serum phosphate increase as early and reliable indicator of kidney 
injury in children with leukemia and lymphoma developing tumor lysis syndrome. 
Pediatr. Nephrol. 38, 3117–3127 (2023).

28. Cairo, M. S., Coiffier, B., Reiter, A. & Younes, A. Recommendations for the evaluation 
of risk and prophylaxis of tumour lysis syndrome (TLS) in adults and children with 
malignant diseases: an expert TLS panel consensus. Br. J. Haematol. 149, 578–586 
(2010).

29. Harmon, J. et al. Liver metastasis as an independent predictor for mortality in patients 
who developed tumor lysis syndrome: analysis of 132 patients with solid tumors. 
J. Clin. Oncol. 36, https://doi.org/10.1200/JCO.2018.36.15_suppl.e18766 (2018).

30. Zhang, Q. et al. Incidence, clinical characteristics and prognosis of tumor lysis syndrome 
following B-cell maturation antigen-targeted chimeric antigen receptor-T cell therapy in 
relapsed/refractory multiple myeloma. Front. Immunol. 14, 1125357 (2023).

31. Abdel-Nabey, M. et al. Tumor lysis syndrome, acute kidney injury and disease-free 
survival in critically ill patients requiring urgent chemotherapy. Ann. Intensive Care 12, 
15 (2022).

32. Dinnel, J., Moore, B. L., Skiver, B. M. & Bose, P. Rasburicase in the management of tumor 
lysis: an evidence-based review of its place in therapy. Core Evid. 10, 23–38 (2015).

33. Cheuk, D. K., Chiang, A. K., Chan, G. C. & Ha, S. Y. Urate oxidase for the prevention and 
treatment of tumor lysis syndrome in children with cancer.Cochrane Database Syst. Rev. 
6, CD006945 (2010).

34. Gopakumar, K. G. et al. Risk-based management strategy and outcomes of tumor lysis 
syndrome in children with leukemia/lymphoma: analysis from a resource-limited setting. 
Pediatr. Blood Cancer 65, e27401 (2018).

35. Gopakumar, K. G., Thankamony, P., Seetharam, S. & Kusumakumary, P. Treatment 
of tumor lysis syndrome in children with leukemia/lymphoma in resource-limited 
settings — efficacy of a fixed low-dose rasburicase.Pediatr. Hematol. Oncol. 34, 
206–211 (2017).

36. Magrath, I. et al. Paediatric cancer in low-income and middle-income countries. 
Lancet Oncol. 14, e104–e116 (2013).

37. Israels, T. et al. SIOP PODC: recommendations for supportive care of children with 
cancer in a low-income setting. Pediatr. Blood Cancer 60, 899–904 (2013).

38. Gupta, S. et al. Incidence and predictors of treatment-related mortality in paediatric 
acute leukaemia in El Salvador. Br. J. Cancer 100, 1026–1031 (2009).

39. Ribeiro, R. C. et al. Baseline status of paediatric oncology care in ten low-income or mid-
income countries receiving My Child Matters support: a descriptive study. Lancet Oncol. 
9, 721–729 (2008).

40. Kellie, S. J. & Howard, S. C. Global child health priorities: what role for paediatric 
oncologists? Eur. J. Cancer 44, 2388–2396 (2008).

41. Howard, S. C. et al. Improving outcomes for children with cancer in low-income 
countries in Latin America: a report on the recent meetings of the Monza International 
School of Pediatric Hematology/Oncology (MISPHO)-Part I. Pediatr. Blood Cancer 48, 
364–369 (2007).

42. Howard, S. C. et al. Establishment of a pediatric oncology program and outcomes of 
childhood acute lymphoblastic leukemia in a resource-poor area. JAMA 291, 2471–2475 
(2004).

43. Trifilio, S. et al. Reduced-dose rasburicase (recombinant xanthine oxidase) in adult 
cancer patients with hyperuricemia. Bone Marrow Transpl. 37, 997–1001 (2006).

44. Vadhan-Raj, S. et al. A randomized trial of a single-dose rasburicase versus five-
daily doses in patients at risk for tumor lysis syndrome. Ann. Oncol. 23, 1640–1645 
(2012).

45. Jeha, S. et al. Efficacy and safety of rasburicase, a recombinant urate oxidase (Elitek), 
in the management of malignancy-associated hyperuricemia in pediatric and adult 
patients: final results of a multicenter compassionate use trial. Leukemia 19, 34–38 
(2005).

46. Lee, A. C., Li, C. H., So, K. T. & Chan, R. Treatment of impending tumor lysis with 
single-dose rasburicase. Ann. Pharmacother. 37, 1614–1617 (2003).

47. McDonnell, A. M., Lenz, K. L., Frei-Lahr, D. A., Hayslip, J. & Hall, P. D. Single-
dose rasburicase 6 mg in the management of tumor lysis syndrome in adults. 
Pharmacotherapy 26, 806–812 (2006).

48. Rampello, E., Fricia, T. & Malaguarnera, M. The management of tumor lysis syndrome. 
Nat. Clin. Pract. Oncol. 3, 438–447 (2006).

49. Tiu, R. V., Mountantonakis, S. E., Dunbar, A. J. & Schreiber, M. J. Jr Tumor lysis syndrome. 
Semin. Thromb. Hemost. 33, 397–407 (2007).

50. Cailleteau, A. et al. Cytokine release syndrome and tumor lysis syndrome in a multiple 
myeloma patient treated with palliative radiotherapy: a case report and review of the 
literature. Clin. Transl. Radiat. Oncol. 32, 24–28 (2022).

51. Findakly, D., Luther, R. D. III & Wang, J. Tumor lysis syndrome in solid tumors:  
a comprehensive literature review, new insights, and novel strategies to improve 
outcomes. Cureus 12, e8355 (2020).

52. Zhang, Q. et al. Risk factors of tumor lysis syndrome in relapsed/refractory multiple 
myeloma patients undergoing BCMA CAR-T cell therapy. Zhejiang Da Xue Xue Bao Yi 
Xue Ban 51, 144–150 (2022).

53. McBride, A., Trifilio, S., Baxter, N., Gregory, T. K. & Howard, S. C. Managing tumor lysis 
syndrome in the era of novel cancer therapies. J. Adv. Pract. Oncol. 8, 705–720 (2017).

54. Shank, B. R. et al. Chimeric antigen receptor T cells in hematologic malignancies. 
Pharmacotherapy 37, 334–345 (2017).

55. Abernathy, K. M. et al. Real-world analysis of tumor lysis syndrome in patients started 
on venetoclax combination for acute myeloid leukemia. J. Oncol. Pharm. Pract. 29, 
1326–1333 (2023).

56. Khouderchah, C. J. et al. Tumor lysis syndrome in patients with acute myeloid leukemia 
treated with venetoclax and hypomethylating agents with or without dose ramp-up. 
Leuk. Lymphoma 65, 228–234 (2024).

57. Trinder, S. M. et al. Fatal tumor lysis syndrome in a pediatric patient with acute 
lymphoblastic leukemia treated with venetoclax. Pediatr. Blood Cancer 71, e30841 
(2024).

58. Alhamid, N. et al. Pitfalls of current diagnostic criteria of tumor lysis syndrome. 
Kidney Blood Press. Res. https://doi.org/10.1159/000538328 (2024).

59. Jones, D. P., Mahmoud, H. & Chesney, R. W. Tumor lysis syndrome: pathogenesis and 
management. Pediatr. Nephrol. 9, 206–212 (1995).

60. Navolanic, P. M. et al. Elitek-rasburicase: an effective means to prevent and treat 
hyperuricemia associated with tumor lysis syndrome, a Meeting Report, Dallas, 
Texas, January 2002. Leukemia 17, 499–514 (2003).

61. Gangani, K. et al. Arrhythmia in tumor lysis syndrome and associated in-hospital 
mortality: a nationwide inpatient analysis. J. Arrhythm. 37, 121–127 (2021).

62. Bonato, F. O. B. & Canziani, M. E. F. Ventricular arrhythmia in chronic kidney disease 
patients. J. Bras. Nefrol. 39, 186–195 (2017).

63. Boriani, G. et al. Chronic kidney disease in patients with cardiac rhythm disturbances 
or implantable electrical devices: clinical significance and implications for decision 
making — a position paper of the European Heart Rhythm Association endorsed by the 
Heart Rhythm Society and the Asia Pacific Heart Rhythm Society. Europace 17, 1169–1196 
(2015).

64. Baqi, D. H. et al. Hypocalcemia as a cause of reversible heart failure: a case report and 
review of the literature. Ann. Med. Surg. 77, 103572 (2022).

65. Finlayson, B. & Reid, F. The expectation of free and fixed particles in urinary stone 
disease. Invest. Urol. 15, 442–448 (1978).

66. Khan, S. R. Histological aspects of the “fixed-particle” model of stone formation: animal 
studies. Urolithiasis 45, 75–87 (2017).

67. Kok, D. J., Boellaard, W., Ridwan, Y. & Levchenko, V. A. Timelines of the “free-particle” and 
“fixed-particle” models of stone-formation: theoretical and experimental investigations. 
Urolithiasis 45, 33–41 (2017).

68. Kok, D. J. & Khan, S. R. Calcium oxalate nephrolithiasis, a free or fixed particle disease. 
Kidney Int. 46, 847–854 (1994).

69. Simhadri, P. K. & Leslie, S. W. Calcium Deposition and Other Renal Crystal Diseases 
(StatPearls, 2024).

70. Davidson, M. B. et al. Pathophysiology, clinical consequences, and treatment of tumor 
lysis syndrome. Am. J. Med. 116, 546–554 (2004).

71. Wilson, F. P. & Berns, J. S. Onco-nephrology: tumor lysis syndrome. Clin. J. Am. Soc. Nephrol. 
7, 1730–1739 (2012).

72. Wilson, F. P. & Berns, J. S. Tumor lysis syndrome: new challenges and recent advances. 
Adv. Chronic Kidney Dis. 21, 18–26 (2014).

73. Richette, P. & Bardin, T. Gout. Lancet 375, 318–328 (2010).

https://doi.org/10.1200/JCO.2022.40.4_suppl.655
https://doi.org/10.1200/JCO.2022.40.4_suppl.655
https://doi.org/10.1159/000534453
https://doi.org/10.1200/JCO.2018.36.15_suppl.e18766
https://doi.org/10.1159/000538328


Nature Reviews Disease Primers |            (2024) 10:58 15

0123456789();: 

Primer

74. Locatelli, F. & Rossi, F. Incidence and pathogenesis of tumor lysis syndrome. Contrib. 
Nephrol. 147, 61–68 (2005).

75. Arnaud, M. et al. Tumor lysis syndrome and AKI: beyond crystal mechanisms. J. Am. Soc. 
Nephrol. 33, 1154–1171 (2022).

76. Chen, R., Kang, R., Fan, X. G. & Tang, D. Release and activity of histone in diseases. 
Cell Death Dis. 5, e1370 (2014).

77. Allam, R., Kumar, S. V., Darisipudi, M. N. & Anders, H. J. Extracellular histones in tissue 
injury and inflammation. J. Mol. Med. 92, 465–472 (2014).

78. Abrams, S. T. et al. Circulating histones are mediators of trauma-associated lung injury. 
Am. J. Respir. Crit. Care Med. 187, 160–169 (2013).

79. Ferenbach, D. A. & Bonventre, J. V. Acute kidney injury and chronic kidney disease: from 
the laboratory to the clinic. Nephrol. Ther. 12, S41–S48 (2016).

80. Hunter, R. W. & Bailey, M. A. Hyperkalemia: pathophysiology, risk factors and 
consequences. Nephrol. Dial. Transpl. 34, iii2–iii11 (2019).

81. Simon, L. V., Hashmi, M. F. & Farrell, M. W. Hyperkalemia (StatPearls, 2024).
82. Kovesdy, C. P. Management of hyperkalaemia in chronic kidney disease. Nat. Rev. Nephrol. 

10, 653–662 (2014).
83. Cohen, L. F., Balow, J. E., Magrath, I. T., Poplack, D. G. & Ziegler, J. L. Acute tumor lysis 

syndrome. A review of 37 patients with Burkitt’s lymphoma. Am. J. Med. 68, 486–491 
(1980).

84. Trinkley, K. E. et al. QT interval prolongation and the risk of torsades de pointes: 
essentials for clinicians. Curr. Med. Res. Opin. 29, 1719–1726 (2013).

85. Al-Khatib, S. M., LaPointe, N. M., Kramer, J. M. & Califf, R. M. What clinicians should know 
about the QT interval. JAMA 289, 2120–2127 (2003).

86. Ashwin Reddy, S. Ventricular arrhythmia precipitated by severe hypocalcaemia 
secondary to primary hypoparathyroidism. Case Rep. Cardiol. 2019, 4851073 (2019).

87. Tang, J. K. K. & Rabkin, S. W. Hypocalcemia-induced QT interval prolongation. Cardiology 
147, 191–195 (2022).

88. Han, P., Trinidad, B. J. & Shi, J. Hypocalcemia-induced seizure: demystifying the calcium 
paradox. ASN Neuro 7, https://doi.org/10.1177/1759091415578050 (2015).

89. Fishbein, J. T., Hebert, L. J. & Shadravan, I. An unusual cardiac arrhythmia caused by 
hypocalcemia. Am. J. Dis. Child. 136, 372–373 (1982).

90. Schmidt, G. S., Weaver, T. D., Hoang, T. D. & Shakir, M. K. M. Severe symptomatic 
hypocalcemia, complicating cardiac arrhythmia following cinacalcet (SensiparTM) 
administration: a case report. Clin. Case Rep. 9, e04876 (2021).

91. Pepe, J. et al. Diagnosis and management of hypocalcemia. Endocrine 69, 485–495 
(2020).

92. Zuckermann, E. C. & Glaser, G. H. Anticonvulsive action of increased calcium 
concentration in cerebrospinal fluid. Arch. Neurol. 29, 245–252 (1973).

93. Forsberg, M. et al. Ionized calcium in human cerebrospinal fluid and its influence 
on intrinsic and synaptic excitability of hippocampal pyramidal neurons in the rat. 
J. Neurochem. 149, 452–470 (2019).

94. Khalid, S., Albaba, I. & Neu, K. Hypocalcemia: a little known cause of supraventricular 
tachyarrhythmia. Cureus 15, e38456 (2023).

95. Niemann, J. T. & Cairns, C. B. Hyperkalemia and ionized hypocalcemia during cardiac 
arrest and resuscitation: possible culprits for postcountershock arrhythmias? Ann. 
Emerg. Med. 34, 1–7 (1999).

96. Johnson, J. D. & Jennings, R. Hypocalcemia and cardiac arrhythmias. Am. J. Dis. Child. 
115, 373–376 (1968).

97. Marcucci, G., Cianferotti, L. & Brandi, M. L. Clinical presentation and management 
of hypoparathyroidism. Best Pract. Res. Clin. Endocrinol. Metab. 32, 927–939 (2018).

98. Suzuki, T. et al. Super-acute onset of tumor lysis syndrome accompanied by 
hypercytokinemia during treatment of Hodgkin’s lymphoma with ABVD chemotherapy. 
Clin. Ther. 32, 527–531 (2010).

99. Nakamura, M. et al. The role of hypercytokinemia in the pathophysiology of tumor 
lysis syndrome (TLS) and the treatment with continuous hemodiafiltration using a 
polymethylmethacrylate membrane hemofilter (PMMA-CHDF). Transfus. Apher. Sci. 40, 
41–47 (2009).

100. Soares, M., Feres, G. A. & Salluh, J. I. Systemic inflammatory response syndrome and 
multiple organ dysfunction in patients with acute tumor lysis syndrome. Clinics 64, 
479–481 (2009).

101. Hijiya, N. et al. Severe cardiopulmonary complications consistent with systemic 
inflammatory response syndrome caused by leukemia cell lysis in childhood acute 
myelomonocytic or monocytic leukemia. Pediatr. Blood Cancer 44, 63–69 (2005).

102. Ariizumi, H. et al. Post-cytokine-release salt wasting as inverse tumor lysis syndrome 
in a non-cerebral natural killer-cell neoplasm. Intern. Med. 56, 1855–1861 (2017).

103. Pourhassan, H., Kareem, W., Agrawal, V. & Aldoss, I. Important considerations in the 
intensive care management of acute leukemias. J. Intensive Care Med. 39, 291–305 
(2024).

104. Perissinotti, A. J. et al. Expert consensus guidelines for the prophylaxis and management 
of tumor lysis syndrome in the United States: results of a modified Delphi panel. Cancer 
Treat. Rev. 120, 102603 (2023).

105. Garey, C. L. et al. Management of anterior mediastinal masses in children. Eur. J. Pediatr. 
Surg. 21, 310–313 (2011).

106. Burgoyne, L. L., Anghelescu, D. L., Tamburro, R. F. & De Armendi, A. J. A pediatric patient 
with a mediastinal mass and pulmonary embolus. Paediatr. Anaesth. 16, 487–491 (2006).

107. Suzuki, D. et al. Tumor lysis syndrome as a risk factor for posterior reversible encephalopathy 
syndrome in children with hematological malignancies. Int. J. Hematol. 100, 485–489 
(2014).

108. Pui, C. H. et al. Recombinant urate oxidase for the prophylaxis or treatment of 
hyperuricemia in patients with leukemia or lymphoma. J. Clin. Oncol. 19, 697–704 
(2001).

109. Pui, C. H., Jeha, S., Irwin, D. & Camitta, B. Recombinant urate oxidase (rasburicase) in the 
prevention and treatment of malignancy-associated hyperuricemia in pediatric and adult 
patients: results of a compassionate-use trial. Leukemia 15, 1505–1509 (2001).

110. Goldman, S. C. et al. A randomized comparison between rasburicase and allopurinol in 
children with lymphoma or leukemia at high risk for tumor lysis. Blood 97, 2998–3003 
(2001).

111. Lupusoru, G. et al. Tumor lysis syndrome: an endless challenge in onco-nephrology. 
Biomedicines 10, 1012 (2022).

112. Coiffier, B., Altman, A., Pui, C. H., Younes, A. & Cairo, M. S. Guidelines for the 
management of pediatric and adult tumor lysis syndrome: an evidence-based review.  
J. Clin. Oncol. 26, 2767–2778 (2008).

113. Heikamp, E. & Dreyer, Z. E. 50 years ago in the journal of pediatrics: prevention and 
management of acute hyperuricemia in childhood leukemia. J. Pediatr. 191, 178 (2017).

114. Sfikakis, P. Diuretics and hyperuricemia. N. Engl. J. Med. 282, 1047–1048 (1970).
115. Sharma, S. K. & Indudhara, R. Chemodissolution of urinary uric acid stones by alkali 

therapy. Urol. Int. 48, 81–86 (1992).
116. Koratala, A. Tumor lysis syndrome with massive hyperphosphatemia and hyperuricemia. 

Clin. Case Rep. 5, 2158–2159 (2017).
117. Boles, J. M. et al. Acute renal failure caused by extreme hyperphosphatemia after 

chemotherapy of an acute lymphoblastic leukemia. Cancer 53, 2425–2429 (1984).
118. Besarab, A. & Caro, J. F. Increased absolute calcium binding to albumin in 

hypoalbuminaemia. J. Clin. Pathol. 34, 1368–1374 (1981).
119. Kost, G. J., Jammal, M. A., Ward, R. E. & Safwat, A. M. Monitoring of ionized calcium 

during human hepatic transplantation. Critical values and their relevance to cardiac 
and hemodynamic management. Am. J. Clin. Pathol. 86, 61–70 (1986).

120. Krakoff, I. H. & Meyer, R. L. Prevention of hyperuricemia in leukemia and lymphoma: use 
of allopurinol, a xanthine oxidase inhibitor. JAMA 193, 1–6 (1965).

121. DeConti, R. C. & Calabresi, P. Use of allopurinol for prevention and control of 
hyperuricemia in patients with neoplastic disease. N. Engl. J. Med. 274, 481–486 (1966).

122. Smalley, R. V. et al. Allopurinol: intravenous use for prevention and treatment of 
hyperuricemia. J. Clin. Oncol. 18, 1758–1763 (2000).

123. Stamp, L. K. Safety profile of anti-gout agents: an update. Curr. Opin. Rheumatol. 26, 
162–168 (2014).

124. Bellos, I., Kontzoglou, K., Psyrri, A. & Pergialiotis, V. Febuxostat administration for the 
prevention of tumour lysis syndrome: a meta-analysis. J. Clin. Pharm. Ther. 44, 525–533 
(2019).

125. White, W. B. et al. Cardiovascular safety of febuxostat or allopurinol in patients with gout. 
N. Engl. J. Med. 378, 1200–1210 (2018).

126. Mackenzie, I. S. et al. Long-term cardiovascular safety of febuxostat compared with 
allopurinol in patients with gout (FAST): a multicentre, prospective, randomised, 
open-label, non-inferiority trial. Lancet 396, 1745–1757 (2020).

127. Chohan, S. Safety and efficacy of febuxostat treatment in subjects with gout and severe 
allopurinol adverse reactions. J. Rheumatol. 38, 1957–1959 (2011).

128. Calogiuri, G. et al. Allopurinol hypersensitivity reactions: desensitization strategies and 
new therapeutic alternative molecules. Inflamm. Allergy Drug Targets 12, 19–28 (2013).

129. Lee, S. J. & Terkeltaub, R. A. New developments in clinically relevant mechanisms and 
treatment of hyperuricemia. Curr. Rheumatol. Rep. 8, 224–230 (2006).

130. Ito, S. et al. Urine xanthine crystals in hematologic malignancies with tumor lysis 
syndrome. Intern. Med. 61, 3271–3275 (2022).

131. Omokawa, A., Oguma, M., Ueki, S., Saga, T. & Hirokawa, M. Urine xanthine crystals in 
tumor lysis syndrome. Urology 120, e9–e10 (2018).

132. Goswami, S., Hanson, A. E., Rajadhyaksha, E., Dangle, P. P. & Schwaderer, A. L. Allopurinol 
use leading to xanthine nephrolithiasis in pediatric tumor lysis syndrome: a case series. 
Pediatr. Nephrol. https://doi.org/10.1007/s00467-024-06413-6 (2024).

133. Patte, C. et al. The Societe Francaise d’Oncologie Pediatrique LMB89 protocol: highly 
effective multiagent chemotherapy tailored to the tumor burden and initial response in 
561 unselected children with B-cell lymphomas and L3 leukemia. Blood 97, 3370–3379 
(2001).

134. Galardy, P. J. et al. Rasburicase in the prevention of laboratory/clinical tumour lysis 
syndrome in children with advanced mature B-NHL: a Children’s Oncology Group 
Report. Br. J. Haematol. 163, 365–372 (2013).

135. Coiffier, B. et al. Efficacy and safety of rasburicase (recombinant urate oxidase) for 
the prevention and treatment of hyperuricemia during induction chemotherapy of 
aggressive non-Hodgkin’s lymphoma: results of the GRAAL1 (Groupe d’Etude des 
Lymphomes de l’Adulte Trial on Rasburicase Activity in Adult Lymphoma) study. 
J. Clin. Oncol. 21, 4402–4406 (2003).

136. Bosly, A. et al. Rasburicase (recombinant urate oxidase) for the management of 
hyperuricemia in patients with cancer: report of an international compassionate use 
study. Cancer 98, 1048–1054 (2003).

137. Cortes, J. et al. Control of plasma uric acid in adults at risk for tumor lysis syndrome: 
efficacy and safety of rasburicase alone and rasburicase followed by allopurinol 
compared with allopurinol alone — results of a multicenter phase III study. J. Clin. Oncol. 
28, 4207–4213 (2010).

138. Digumarti, R., Sinha, S., Nirni, S. S., Patil, S. G. & Pedapenki, R. M. Efficacy of rasburicase 
(recombinant urate oxidase) in the prevention and treatment of malignancy-associated 
hyperuricemia: an Indian experience. Indian J. Cancer 51, 180–183 (2014).

https://doi.org/10.1177/1759091415578050
https://doi.org/10.1007/s00467-024-06413-6


Nature Reviews Disease Primers |            (2024) 10:58 16

0123456789();: 

Primer

139. Band, P. R. et al. Xanthine nephropathy in a patient with lymphosarcoma treated with 
allopurinol. N. Engl. J. Med. 283, 354–357 (1970).

140. LaRosa, C. et al. Acute renal failure from xanthine nephropathy during management 
of acute leukemia. Pediatr. Nephrol. 22, 132–135 (2007).

141. Dean, L. & Kane, M. In: Medical Genetics Summaries (eds Pratt, V. M. et al.) (National 
Center for Biotechnology Information (US), 2012).

142. Prescribing information: ELITEK (rasburicase) for injection, for intravenous use, RX only. 
Sanofi-Aventis https://products.sanofi.us/elitek/Elitek.html (2002).

143. Herrington, J. D. & Dinh, B. C. Fixed, low-dose rasburicase for the treatment or prevention 
of hyperuricemia in adult oncology patients. J. Oncol. Pharm. Pract. 21, 111–117 (2015).

144. Reeves, D. J. & Bestul, D. J. Evaluation of a single fixed dose of rasburicase 7.5 mg for the 
treatment of hyperuricemia in adults with cancer. Pharmacotherapy 28, 685–690 (2008).

145. Malaguarnera, M. et al. A single dose of rasburicase in elderly patients with hyperuricaemia 
reduces serum uric acid levels and improves renal function. Expert Opin. Pharmacother. 10, 
737–742 (2009).

146. Vines, A. N., Shanholtz, C. B. & Thompson, J. L. Fixed-dose rasburicase 6 mg for 
hyperuricemia and tumor lysis syndrome in high-risk cancer patients. Ann. Pharmacother. 
44, 1529–1537 (2010).

147. Coutsouvelis, J. et al. Effectiveness of a single fixed dose of rasburicase 3 mg in the 
management of tumour lysis syndrome. Br. J. Clin. Pharmacol. 75, 550–553 (2013).

148. Eaddy, M., Seal, B., Tangirala, M., Davies, E. H. & O’Day, K. Economic comparison of 
rasburicase and allopurinol for treatment of tumor lysis syndrome in pediatric patients. 
Am. J. Health Syst. Pharm. 67, 2110–2114 (2010).

149. Cairo, M. S., Thompson, S., Tangirala, K. & Eaddy, M. T. A clinical and economic 
comparison of rasburicase and allopurinol in the treatment of patients with clinical or 
laboratory tumor lysis syndrome. Clin. Lymphoma Myeloma Leuk. 17, 173–178 (2017).

150. Annemans, L. et al. Pan-European multicentre economic evaluation of recombinant 
urate oxidase (rasburicase) in prevention and treatment of hyperuricaemia and tumour 
lysis syndrome in haematological cancer patients. Support. Care Cancer 11, 249–257 
(2003).

151. Jones, G. L., Will, A., Jackson, G. H., Webb, N. J. & Rule, S.; British Committee for 
Standards in Haematology. Guidelines for the management of tumour lysis syndrome 
in adults and children with haematological malignancies on behalf of the British 
Committee for Standards in Haematology. Br. J. Haematol. 169, 661–671 (2015).

152. Browning, L. A. & Kruse, J. A. Hemolysis and methemoglobinemia secondary to 
rasburicase administration. Ann. Pharmacother. 39, 1932–1935 (2005).

153. Hammami, M. B. et al. Rasburicase-induced hemolytic anemia and methemoglobinemia: 
a systematic review of current reports. Ann. Hematol. https://doi.org/10.1007/s00277-
023-05364-6 (2023).

154. Galo, J., Madrid, B. & Kupin, W. Lanthanum-induced radiopaque intestinal precipitates: 
a potential cause of intestinal foreign bodies. Case Rep. Nephrol. 2019, 1298674 (2019).

155. Law, M. M., Smith, J. D., Schneider, H. G. & Wilson, S. Misclassification of calcium status 
in end-stage kidney disease using albumin-adjusted calcium levels. Nephrology 26, 
725–732 (2021).

156. Goransson, L. G., Skadberg, O. & Bergrem, H. Albumin-corrected or ionized calcium  
in renal failure? What to measure? Nephrol. Dial. Transpl. 20, 2126–2129 (2005).

157. Rieg, T. et al. The role of the BK channel in potassium homeostasis and flow-induced 
renal potassium excretion. Kidney Int. 72, 566–573 (2007).

158. Crews, K. R. et al. Effect of allopurinol versus urate oxidase on methotrexate 
pharmacokinetics in children with newly diagnosed acute lymphoblastic leukemia. 
Cancer 116, 227–232 (2010).

159. Liu, J. Q. et al. The characteristics and risk factors for cisplatin-induced acute kidney 
injury in the elderly. Ther. Clin. Risk Manag. 14, 1279–1285 (2018).

160. Howard, S. C., McCormick, J., Pui, C. H., Buddington, R. K. & Harvey, R. D. Preventing and 
managing toxicities of high-dose methotrexate. Oncologist 21, 1471–1482 (2016).

161. Nisula, S. et al. Six-month survival and quality of life of intensive care patients with acute 
kidney injury. Crit. Care 17, R250 (2013).

162. Villeneuve, P. M., Clark, E. G., Sikora, L., Sood, M. M. & Bagshaw, S. M. Health-related 
quality-of-life among survivors of acute kidney injury in the intensive care unit:  
a systematic review. Intensive Care Med. 42, 137–146 (2016).

163. Almutairi, M. S. et al. Acute kidney injury associated with piperacillin-tazobactam versus 
other antibiotics combined with vancomycin in critically ill patients: a retrospective 
cohort study. Saudi Pharm. J. 31, 101844 (2023).

164. Kunming, P. et al. Vancomycin associated acute kidney injury in patients with infectious 
endocarditis: a large retrospective cohort study. Front. Pharmacol. 14, 1260802 (2023).

165. McClure, S., McElroy, L. & Gugkaeva, Z. Implementation of vancomycin AUC/MIC dosing 
vs traditional trough dosing and incidence of acute kidney injury at a rural community 
hospital. Am. J. Health Syst. Pharm. 81, e283–e288 (2024).

166. Tyler Pitcock, C. et al. Association of vancomycin-induced acute kidney injury with 
trough versus AUC monitoring in patients receiving extended durations of therapy. 
Antimicrob. Steward. Healthc. Epidemiol. 3, e225 (2023).

167. Venugopalan, V. et al. Association of piperacillin and vancomycin exposure on acute 
kidney injury during combination therapy. JAC Antimicrob. Resist. 6, dlad157 (2024).

168. Fischer, J. M., Lertkovit, O., Howard, S. C., Assanasen, C. & Bleyer, A. Severe 
methotrexate toxicity following a capizzi cycle in an obese adolescent with 
acute lymphoblastic leukemia and hepatic steatosis. J. Pediatr. Hematol. Oncol. 
46, e107–e110 (2024).

169. Villanueva, G. et al. A systematic review of high-dose methotrexate for adults with 
primary central nervous system lymphoma. Cancers 15, 1459 (2023).

170. Ibarra, M. et al. Insights from a pharmacometric analysis of HDMTX in adults with cancer: 
clinically relevant covariates for application in precision dosing. Br. J. Clin. Pharmacol. 
89, 660–671 (2023).

171. Buddington, R. K. et al. Early clinical indicators of acute kidney injury caused by 
administering high-dose methotrexate therapy to juvenile pigs. Front. Nephrol. 3, 
1193494 (2023).

172. Yokota, L. G. et al. Acute kidney injury in elderly patients: narrative review on incidence, 
risk factors, and mortality. Int. J. Nephrol. Renovasc. Dis. 11, 217–224 (2018).

173. He, L. et al. AKI on CKD: heightened injury, suppressed repair, and the underlying 
mechanisms. Kidney Int. 92, 1071–1083 (2017).

174. Guo, R. et al. The road from AKI to CKD: molecular mechanisms and therapeutic targets 
of ferroptosis. Cell Death Dis. 14, 426 (2023).

175. Xu, R. et al. Gender differences in age-related decline in glomerular filtration rates  
in healthy people and chronic kidney disease patients. BMC Nephrol. 11, 20 (2010).

176. Fenton, A. et al. Glomerular filtration rate: new age- and gender-specific reference 
ranges and thresholds for living kidney donation. BMC Nephrol. 19, 336 (2018).

177. Lima-Posada, I. et al. Gender differences in the acute kidney injury to chronic kidney 
disease transition. Sci. Rep. 7, 12270 (2017).

178. Morsch, C., Thome, F. S., Balbinotto, A., Guimaraes, J. F. & Barros, E. G. Health-related 
quality of life and dialysis dependence in critically ill patient survivors of acute kidney 
injury. Ren. Fail. 33, 949–956 (2011).

179. Hofhuis, J. G., van Stel, H. F., Schrijvers, A. J., Rommes, J. H. & Spronk, P. E. The effect of 
acute kidney injury on long-term health-related quality of life: a prospective follow-up 
study. Crit. Care 17, R17 (2013).

180. Richardson, K. L., Watson, R. S. & Hingorani, S. Quality of life following hospitalization-
associated acute kidney injury in children. J. Nephrol. 31, 249–256 (2018).

181. Mayer, K. P. et al. Acute kidney injury contributes to worse physical and quality of life 
outcomes in survivors of critical illness. BMC Nephrol. 23, 137 (2022).

182. McNicholas, B., Akcan Arikan, A. & Ostermann, M. Quality of life after acute kidney injury. 
Curr. Opin. Crit. Care 29, 566–579 (2023).

183. Finkel, K. W. & Howard, S. C. Onco-nephrology: an invitation to a new field. J. Clin. Oncol. 
32, 2389–2390 (2014).

184. Takayama, A., Fukasawa, T., Takeuchi, M. & Kawakami, K. Timing of initiation of xanthine 
oxidase inhibitors based on serum uric acid level does not predict renoprognosis in patients 
with preserved kidney function. Metab. Syndr. Relat. Disord. https://doi.org/10.1089/
met.2023.0238 (2024).

185. Martens, K. L. et al. Comparative effectiveness of rasburicase versus allopurinol for 
cancer patients with renal dysfunction and hyperuricemia. Leuk. Res. 89, 106298 
(2020).

186. Hagemeister, F. & Huen, A. The status of allopurinol in the management of tumor lysis 
syndrome: a clinical review. Cancer J. 11, S1–S10 (2005).

187. Gomez, G. A., Stutzman, L. & Chu, T. M. Xanthine nephropathy during chemotherapy in 
deficiency of hypoxanthine-guanine phosphoribosyltransferase. Arch. Intern. Med. 138, 
1017–1019 (1978).

188. Wyngaarden, J. B. Allopurinol and xanthine nephropathy. N. Engl. J. Med. 283, 371–372 
(1970).

189. Ichikawa, T. Xanthine calculi of the kidney. J. Urol. 72, 770–772 (1954).
190. Kozlovskii, I. G. A case of xanthine calculi in the kidney. Urol. Mosc. 28, 47 (1963).
191. Shields, L. B. E., Peppas, D. S. & Rosenberg, E. Xanthine calculi in a patient with Lesch-

Nyhan syndrome and factor V Leiden treated with allopurinol: case report. BMC Pediatr. 
18, 231 (2018).

192. Taylor, W. N. & Taylor, J. N. Xanthine calculi: case report. J. Urol. 68, 659–660 (1952).
193. Mawji, A. et al. Smart triage: triage and management of sepsis in children using the 

point-of-care Pediatric Rapid Sepsis Trigger (PRST) tool. BMC Health Serv. Res. 20, 493  
(2020).

194. Gunningberg, L. et al. Tracking pressure injuries as adverse events: national use of the 
global trigger tool over a 4-year period. J. Eval. Clin. Pract. 25, 21–27 (2019).

195. Berrevoets, M. A. H. et al. An electronic trigger tool to optimise intravenous to oral 
antibiotic switch: a controlled, interrupted time series study. Antimicrob. Resist. Infect. 
Control 6, 81 (2017).

196. Hebert, G. et al. Evaluating iatrogenic prescribing: development of an oncology-focused 
trigger tool. Eur. J. Cancer 51, 427–435 (2015).

197. Khalek, E. R. et al. Highlights from the 13th African Continental Meeting of the International 
Society of Paediatric Oncology (SIOP), 6-9 March 2019, Cairo, Egypt. Ecancermedicalscience 
13, 932 (2019).

198. Chantada, G., Lam, C. G. & Howard, S. C. Optimizing outcomes for children with non-
Hodgkin lymphoma in low- and middle-income countries by early correct diagnosis, 
reducing toxic death and preventing abandonment. Br. J. Haematol. 185, 1125–1135 
(2019).

199. Howard, S. C. et al. The My Child Matters programme: effect of public-private 
partnerships on paediatric cancer care in low-income and middle-income countries. 
Lancet Oncol. 19, e252–e266 (2018).

200. Davidson, A. & Howard, S. C. Delivering modern anticancer therapies in low- and 
middle-income settings: we can be evidence based. Pediatr. Blood Cancer 65, 
e27347 (2018).

201. Weaver, M. S., Howard, S. C., Renner, L., Harif, M. & Lam, C. G. Assessing national 
cancer control plan knowledge, prioritization, and engagement through a 
pediatric oncology cancer control workshop. J. Pediatr. Hematol. Oncol. 39, 
362–364 (2017).

https://products.sanofi.us/elitek/Elitek.html
https://doi.org/10.1007/s00277-023-05364-6
https://doi.org/10.1007/s00277-023-05364-6
https://doi.org/10.1089/met.2023.0238
https://doi.org/10.1089/met.2023.0238


Nature Reviews Disease Primers |            (2024) 10:58 17

0123456789();: 

Primer

202. Howard, S. C. et al. A framework to develop adapted treatment regimens to manage 
pediatric cancer in low- and middle-income countries: the Pediatric Oncology in 
Developing Countries (PODC) Committee of the International Pediatric Oncology 
Society (SIOP). Pediatr. Blood Cancer 64, https://doi.org/10.1002/pbc.26879 (2017).

203. Arora, R. S., Challinor, J. M., Howard, S. C. & Israels, T. Improving care for children with 
cancer in low- and middle-income countries — a SIOP PODC Initiative. Pediatr. Blood 
Cancer 63, 387–391 (2016).

204. Israels, T., Challinor, J., Howard, S. & Arora, R. H. Treating children with cancer worldwide — 
challenges and interventions. Pediatrics 136, 607–610 (2015).

205. Ceppi, F. et al. Supportive medical care for children with acute lymphoblastic leukemia 
in low- and middle-income countries. Expert Rev. Hematol. 8, 613–626 (2015).

206. Navarrete, M. et al. Treatment of childhood acute lymphoblastic leukemia in Central 
America: a lower-middle income countries experience. Pediatr. Blood Cancer 61, 
803–809 (2014).

207. Yadav, S. P. et al. Barriers to cure for children with cancer in India and strategies to 
improve outcomes: a report by the Indian Pediatric Hematology Oncology Group. 
Pediatr. Hematol. Oncol. 31, 217–224 (2014).

208. Denburg, A. E. et al. Defining essential childhood cancer medicines to inform prioritization 
and access: results from an international, cross-sectional survey. JCO Glob. Oncol. 8, 
e2200034 (2022).

209. Espinoza, D. et al. How should childhood acute lymphoblastic leukemia relapses in 
low-income and middle-income countries be managed: the AHOPCA-ALL study group 
experience. Cancer 129, 771–779 (2023).

210. Lam, C. G., Howard, S. C., Bouffet, E. & Pritchard-Jones, K. Science and health for all 
children with cancer. Science 363, 1182–1186 (2019).

211. Geel, J. A. et al. Pediatric cancer care in Africa: SIOP global mapping process. Pediatr. 
Blood Cancer 68, e29315 (2021).

212. Howard, S. C., Ribeiro, R. C. & Pui, C.-H. in Childhood Leukemias (ed. Pui, C.-H.) 660–700 
(Cambridge Univ. Press, 2012).

Acknowledgements
The authors used ChatGPT with GPT-4 from OpenAI for language editing of the first round 
of manuscript revisions.

Author contributions
Introduction (C.-H.P. and S.C.H.); Epidemiology (C.-H.P. and A.A.); Mechanisms/
pathophysiology (B.W.); Diagnosis, screening and prevention (C.-H.P.); Management (C.-H.P.); 
Quality of life (S.C.H.); Outlook (S.C.H.).

Competing interests
C.-H.P. reports support by US NCI Cancer Center Grant CA021765 and American Lebanese 
Syrian Associated Charities (ALSAC), and honoraria from Amgen, UpToDate and Novartis. 
S.C.H. reports honoraria from Jazz Pharmaceuticals, SERB and Amgen.

Additional information
Peer review information Nature Reviews Disease Primers thanks M. S. Cairo, J. Seymour,  
C. C. Coombs and T. Yamauchi for their contribution to the peer review of this work.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this 
article under a publishing agreement with the author(s) or other rightsholder(s); author self-
archiving of the accepted manuscript version of this article is solely governed by the terms 
of such publishing agreement and applicable law.

© Springer Nature Limited 2024

https://doi.org/10.1002/pbc.26879

	Tumour lysis syndrome
	Introduction
	Howard–Pui definitions of laboratory and clinical tumour lysis syndrome

	Epidemiology
	Associated cancers
	Risk factors
	Factors associated with tumour lysis syndrome
	Age and sex
	Prophylaxis and treatment

	International consensus classification of tumour lysis syndrome risk groups
	Morbidity and mortality
	Health systems context

	Mechanisms/pathophysiology
	Rapid tumour lysis overcomes homeostatic mechanisms
	Hyperuricaemia initiates cascade of homeostatic disruption
	Renal pathophysiology
	Cardiac dysrhythmias
	Neurological and musculoskeletal complications
	Haemodynamic consequences

	Diagnosis, screening and prevention
	Diagnosis
	Screening and monitoring
	Outpatient monitoring
	Inpatient monitoring

	Prevention

	Management
	Management of hyperuricaemia
	Allopurinol
	Febuxostat
	Rasburicase
	Rasburicase usage requirements

	Management of hyperphosphataemia
	Management of hypocalcaemia
	Management of hyperkalaemia

	Quality of life
	Immediate effects of TLS on quality of life
	Long-term effects of TLS on quality of life

	Outlook
	Should the xanthine oxidase inhibitors allopurinol and febuxostat play any role in patients at risk of TLS?
	Elimination of the intermediate-risk category and the imperative for simplified bedside risk stratification
	Effect of TLS on the risk of subsequent AKI during cancer therapy and on long-term renal function
	Access to essential medications for TLS management

	Acknowledgements
	Fig. 1 Cellular solute content based on the cancer cell mass.
	Fig. 2 Crystal-induced renal injury and cardiac dysrhythmias during tumour lysis syndrome.
	Fig. 3 pH-dependent solubility of calcium phosphate, uric acid, xanthine and hypoxanthine guides urine alkalinization in patients at risk of tumour lysis syndrome.
	Fig. 4 Age-related decline in renal function accelerates after loss of renal function due to acute kidney injury.
	Table 1 Prophylaxis and management of laboratory and clinical tumour lysis syndrome.




