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Abstract 

Introduction: Tumor lysis syndrome is a clinical condition that can manifest suddenly or following the initiation of 
chemotherapy.  

Purpose: To provide an overview of tumor lysis syndrome. 

Methodology: This narrative review was conducted through a bibliographic search of reviews and research studies 
sourced from international databases. The exclusion criterion for the articles was any language other than English and 
Greek.  

Results: Tumor lysis syndrome is a metabolic and oncological emergency commonly observed in clinical practice, 
reflecting the consequences of rapid tumor cell breakdown. It leads to disturbances in the patient's metabolic and 
electrolyte levels, causing hyperkalemia, hyperphosphatemia, hypocalcemia, and hyperuricemia. If not treated 
promptly, these conditions can pose a life-threatening risk to patients.   

Conclusion: Tumor lysis syndrome is an emergency clinical condition linked to metabolic and electrolyte disturbances 
that, if not addressed quickly, can be fatal for patients.  
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1. Introduction

Tumor lysis syndrome (TLS) is a clinical condition that can occur spontaneously or following the initiation of 
chemotherapy. It is associated with various metabolic disturbances, including hyperkalemia, hyperphosphatemia, 
hypocalcemia, and hyperuricemia, which can lead to end-organ damage. This syndrome is more prevalent in patients 
with solid tumors [1-2]. TLS refers to the pathological consequences of the rapid breakdown of tumor cells. In highly 
proliferative cancers, the cytotoxic effects of drugs, hormones, immunotherapy, and radiation can result in significant 
cell lysis, with electrolytes, nucleic acids, and proteins being released into the bloodstream, leading to metabolic 
disturbances [2]. 

TLS is a metabolic and oncological emergency frequently encountered in clinical practice, reflecting the pathological 
consequences of rapid tumor cell lysis [2-3]. Tumor cell lysis can be induced by chemotherapy or occur spontaneously. 
Although it is rarer, spontaneous TLS can lead to more severe clinical outcomes due to the lack of benefit from early 
treatment [4]. This condition is prevalent among both adult and pediatric oncology patients undergoing chemotherapy. 
Most symptoms observed in patients with TLS relate to the release of intracellular chemicals that disrupt the functions 
of target organs. This disruption can lead to massive cell lysis, acute kidney injury, arrhythmias, and sudden death [3-
4]. Massive tumor cell death can occur in the context of successful cancer therapy or due to rapid tumor proliferation in 
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uncontrolled disease [3-4]. The characteristic metabolic abnormalities of TLS include hyperkalemia, 
hyperphosphatemia, hypokalemia, and hyperuricemia. As laboratory tests become abnormal, a threshold is crossed 
beyond which clinical symptoms emerge [5-7]. 

The morbidities associated with the successful treatment of hematological malignancies become evident. Case series 
from the 1960s and 1970s described acute, severe hyperuricemia, hyperkalemia, hyperphosphatemia, and hypokalemia 
in children treated for acute lymphoblastic leukemia [5-7]. Similar metabolic disturbances have also been observed in 
adults with leukemia, whether under aggressive treatment or untreated. In some instances, the metabolic disturbances, 
collectively referred to as TLS, have led to severe clinical symptoms or required advanced interventions such as 
hemodialysis [6-8]. TLS typically develops after the initiation of chemotherapy, but there are cases of spontaneous 
development in high-grade hematologic-oncologic malignancies. Although rarer, spontaneous tumor lysis syndrome 
can result in more serious clinical outcomes due to the absence of benefits from early treatment [5-8]. Because this 
condition is highly lethal, it's essential to identify patients at high risk for developing tumor lysis syndrome and to 
initiate preventive therapy early. The complexity in managing TLS lies in diagnosing it early enough to initiate treatment 
before end-organ damage occurs. Predicting which patients are at risk is crucial and requires understanding the type of 
malignancy, its growth rate, response to treatment, and the type of anticancer therapy used [4-8]. With significant 
advancements in tumor biology knowledge, several new agents are now available for more targeted therapy. Moreover, 
established treatments have been continuously optimized. However, treatment-related complications continue to pose 
challenges in cancer care, despite major improvements in supportive care that have resulted in treatment-related 
mortality accounting for a high proportion of deaths in cancer patients [6-9]. Recognizing renal and metabolic issues 
linked to tumor lysis syndrome promptly and starting treatment can save lives [6-9]. 

2. Definition of Tumor Lysis Syndrome 

According to Cairo and Bishop (2004) [4,10], TLS can be classified as either laboratory or clinical. The differential 
diagnosis is crucial for identifying patients who do not need specific therapeutic intervention versus those with life-
threatening clinical abnormalities that require intervention, such as hemodialysis. In this classification, laboratory TLS 
is clinically silent and identified solely through laboratory testing, whereas clinical TLS is more complicated due to the 
clinical manifestations discussed below [11]. 

Laboratory TLS is marked by significant metabolic disorders that do not present clinical symptoms but still require 
treatment. A crucial condition for identifying laboratory TLS (LTLS) is the presence of two or more biochemical changes 
(uric acid ≥ 476 mmol/L, potassium ≥ 6.0 mmol/L, phosphorus ≥ 2.1 mmol/L in children and ≥ 1.45 mmol/L in adults, 
calcium ≤ 1.75 mmol/L, or a 25% increase from baseline in uric acid, with potassium and phosphorus showing greater 
than 25% decreases from baseline for calcium) occurring more than three days before or up to seven days after 
chemotherapy. In contrast, clinical TLS is characterized as a syndrome involving severe biochemical alterations and 
clinical symptoms that necessitate urgent intervention. Key indicators for identifying the clinical type of the syndrome 
are the laboratory indicators with one or more abnormalities, including an increase in creatinine (greater than 1.5 times 
the upper normal limit), cardiac arrhythmia, sudden death, and epileptic seizures [12-13]. It is necessary to note that 
the above definition contained some critical weaknesses. In particular, the specific indicators for laboratory TLS must 
be evaluated concerning adequate hydration and using a uric acid-lowering agent. On the other hand, more recent 
modifications of the definition of clinical TLS simplify the identification of the syndrome with the presence of at least 
one clinical criterion not attributable to the chemotherapeutic agent, while the parameter of reducing the 
aforementioned laboratory values (by 25%) from the baseline has been largely abandoned as not clinically significant 
in every case [14]. 

3. Epidemiology of Tumor Lysis Syndrome 

The incidence of TLS is not well established. Several inherent risk factors may increase the likelihood of tumor lysis 
syndrome, including tumor weight, rapidly growing tumors, a high sensitivity to chemotherapy, and pre-existing renal 
disease or injury in the patient [13]. Race and gender do not appear to be associated with a predisposition to the 
syndrome. A study investigating the National Hospital Sample database found that the most common malignancies 
linked to TLS included non-Hodgkin lymphoma in 30%, solid tumors in 20%, acute myeloid leukemia in 19%, and acute 
lymphocytic leukemia in 13%. It is also noted that while TLS typically occurs early during neoplastic therapy, the 
incidence of spontaneous events has been reported to be significantly lower (around 1.08%). Additionally, TLS is less 
frequent in solid tumors but is more often associated with extensive tumors (greater than 10 cm on radiographic 
imaging) that are highly chemosensitive. The overall in-hospital mortality rate has been estimated to be approximately 
21% [15-17]. TLS is most commonly associated with the initiation of cytotoxic chemotherapy. However, there are 
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reports of tumor lysis syndrome triggered by radiotherapy, including treatments involving thalidomide, 
dexamethasone, and newer chemotherapeutic agents such as rituximab and bortezomib [17]. 

4. Pathophysiology 

The pathophysiology of TLS is complex. TLS occurs due to the massive release of intracellular ions, including potassium, 
phosphorus, and nucleic acids, that have been metabolized into uric acid. The primary organ responsible for eliminating 
these substances is the kidney. When the renal compensatory response is overwhelmed due to this massive release of 
intracellular ions, uric acid obstructive uropathy develops, which can then progress to acute kidney injury [18]. 

Hyperkalemia (elevated serum potassium levels), the primary laboratory indicator of TLS, can lead to severe 
dysfunction and weakness in skeletal muscles and the myocardium. Specifically, the cardiac effects of excessive 
potassium may result in ventricular tachyarrhythmias and sudden death. Uric acid, a byproduct of purine nucleotides, 
is produced during the breakdown of purines, first converting to hypoxanthine and xanthine through the action of the 
enzyme xanthine oxidase, and is ultimately degraded to uric acid. Due to the high cell turnover in cancer, large quantities 
of nucleic acids, purines, and uric acid are generated and released. Uric acid can obstruct the flow in the renal tubules 
(through crystallization), resulting in acute kidney injury and other forms of renal dysfunction (such as endothelial 
dysfunction, local ischemia, proinflammatory conditions, and impaired local renal repair mechanisms). Elevated serum 
phosphorus (resulting from cell death) may also contribute to acute kidney injury through similar pathways. The 
interaction of phosphorus with calcium (calcium phosphate) leads to pathological deposits in the kidneys and heart 
tissue, resulting in renal failure and arrhythmia respectively, while the decrease in unbound calcium levels leads to 
secondary neurotoxicity, manifested by epileptic seizures, psychiatric disorders, muscle tetany, and more [18-19]. 

5. Histopathology 

Histopathological findings of TLS include the deposition of uric acid, calcium phosphate, and xanthine in the lamina 
propria of the distal renal tubules. Uric acid crystals can deposit in renal tubular epithelial cells and the medulla. Factors 
that favor crystal formation include low urine flow, low solubility, and high levels of solutes. Crystal deposition in the 
renal pelvis, calyces, and ureter can cause inflammation, obstructing urine flow. Long-term obstruction results in 
hydroureter, hydronephrosis, and subsequent acute renal failure [20]. 

6. History and Physical Examination 

The history and physical examination of patients with TLS should concentrate on the primary causes of tumor lysis. The 
precise time of onset of the malignancy must be established, with particular attention given to the presence of symptoms 
such as weight loss or anorexia. Respiratory symptoms, including dyspnea, orthopnea, and tachypnea, may indicate 
airway compression caused by a primary tumor. The urinary system should be assessed for symptoms such as dysuria, 
pleuritic pain, and hematuria. Nausea, vomiting, seizures, tetanic spasms, and altered mental status suggest 
hypocalcemia. Additionally, clinical manifestations of tumor lysis syndrome encompass syncope, palpitations, lethargy, 
facial edema, abdominal distension, and signs of fluid overload [20-22]. 

7. Diagnostic findings 

The diagnosis of TLS is based on criteria developed by Cairo and Bishop [3]. A significant drawback is that defining TLS 
according to these criteria necessitates the initiation of chemotherapy. Another limitation involves using creatinine 
levels exceeding 1.5 times the upper limit for age and sex. This is atypical, as a patient with chronic kidney disease may 
present elevated creatinine levels in the absence of acute illness. The Cairo and Bishop criteria also assess the severity 
of tumor lysis syndrome, ranging from grade 0, which is asymptomatic, to grade 4, which indicates death [20-23]. The 
laboratory diagnosis of tumor lysis syndrome requires at least 2 of the following criteria to be present within the same 
24-hour period, from 3 days before to 7 days after the start of chemotherapy:  

• Uric acid increase of 25% from baseline or greater than or equal to 8.0 mg/dL 
• A potassium increase of 25% from baseline or greater than or equal to 6.0 mEq/L.  
• Phosphorus should have a 25% increase from baseline or be greater than or equal to 4.5 mg/dL (greater than 

or equal to 6.5 mg/dL in children). Calcium should have a 25% decrease from baseline or be less than or equal 
to 7.0 mg/dL.  

The clinical diagnosis of tumor lysis syndrome requires: 
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• Laboratory tumor lysis syndrome plus 1 or more of the following:  
• Creatinine greater than 1.5 times the upper limit of normal of an age-adjusted reference range  
• Seizures 
• Cardiac arrhythmia or sudden death  

Metabolic disorders linked to TLS include hyperkalemia, hypocalcemia, hyperphosphatemia, and hyperuricemia. Blood 
urea nitrogen (BUN), creatinine, and lactate dehydrogenase levels also rise in TLS. These form the patient's metabolic 
panel and should be checked two to three times daily before and after initiating therapy. Elevated values indicate the 
onset of tumor lysis syndrome [20-22]. Urinalysis is also conducted because the presence and precipitation of uric acid 
salts can lead to obstructive uropathy. Hence, in treating tumor lysis syndrome, alkalinization of urine with sodium 
bicarbonate is considered the standard of care. Finally, thrombocytopenia, anemia, and leukocytosis are monitored [22-
24]. 

8. Differential diagnosis 

TLS should be distinguished from other clinical conditions that can cause:  

• Hyperkalemia  
• Hyperphosphatemia  
• Hyperuricemia  

The differential diagnosis of each electrolyte abnormality is as follows [22-24]:  

8.1. Hyperkalemia  

• Hypocalcemia  
• Metabolic acidosis  
• Congenital adrenal hyperplasia  
• Digitalis toxicity  
• Acute tubular necrosis  
• Electrical burn  
• Head trauma  
• Rhabdomyolysis  
• Thermal burns  

8.2. Hyperphosphatemia  

• Monoclonal gammopathy  
• Waldenstrom macroglobulinemia  
• Multiple myeloma  
• Pseudohypoparathyroidism  
• Rhabdomyolysis  
• Vitamin D poisoning  
• Oral saline laxative abuse  
• Pseudo hyperphosphatemia  

8.3. Hyperuricemia  

• Hyperparathyroidism  
• Hypothyroidism  
• Nephrolithiasis  
• Alcoholic ketoacidosis  
• Diabetic ketoacidosis  
• Gout  
• Pseudogout  
• Glycogen storage disease type 1  
• Hemolytic anemia  
• Hodgkin’s lymphoma  
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• Uric acid nephropathy 

9. Therapeutic management 

The treatment for TLS involves the excretion of substances associated with the syndrome, as well as specific drug 
therapies. This excretion is accomplished by increasing the glomerular filtration rate (GFR). Administering crystalloid 
fluids intravenously helps to increase the intravascular volume, which subsequently elevates the GFR, thereby aiding in 
the removal of substances. This initial treatment should be initiated within 48 hours before chemotherapy begins and 
continued for 48 hours following chemotherapy. Additionally, hydration of 3 to 5 liters per day is necessary to achieve 
urine production of 3 liters per day [24-25]. Specific drug therapies include administering bicarbonate, calcium, 
recombinant uric acid oxidase enzyme, allopurinol, febuxostat, and hemodialysis [24-26].  

The administration of bicarbonate aims to alkalinize urine to solubilize uric acid. However, this alkalinization will also 
decrease ionized calcium, worsening the existing hypocalcemia from TLS. Therefore, it is recommended to continuously 
monitor calcium levels during bicarbonate administration [25-27].   

Calcium chloride and gluconate are given intravenously to treat hypocalcemia, but this may affect the kidneys due to 
increased deposition of calcium phosphate crystals. For this reason, the patient may require dialysis [25-27].   

Recombinant uric acid oxidase enzyme can be used to treat hyperuricemia associated with tumor lysis syndrome, 
having been approved by the FDA in 2009. This enzyme catalyzes the breakdown of uric acid into allantoin, carbon 
dioxide, and hydrogen peroxide. It can be administered either intravenously or intramuscularly [25-27].   

Allopurinol is a structural isomer of hypoxanthine, with xanthine oxidase converting allopurinol to oxypurinol. 
Oxypurinol is an active metabolite primarily excreted by the kidneys. In patients with chronic kidney disease, the 
elimination of oxypurinol is impacted. Special care should be taken when administering allopurinol because it increases 
xanthine levels, potentially worsening obstructive uropathy associated with TLS. While allopurinol lowers uric acid 
levels in these patients, it cannot treat hyperuricemia. Allopurinol is a valuable tool in the therapeutic arsenal of health 
professionals to prevent the development of TLS. Lastly, particular attention should be given to the possible interaction 
of allopurinol with azathioprine and the use of immunosuppressive drugs in patients with solid organ transplants [25-
27].   

Febuxate is a new medication shown in the clinical trial (FLORENCE) to better control hyperuricemia associated with 
tumor lysis syndrome, exhibiting a good safety profile without affecting kidney function. Febuxate is a xanthine oxidase 
inhibitor that has demonstrated promise in managing patients with tumor lysis syndrome [27]. In instances where 
electrolyte levels (potassium and phosphorus) are elevated, early initiation of continuous renal replacement therapy is 
advised instead of intermittent therapy, as the latter may further worsen the condition. The goal of continuous renal 
replacement therapy is to remove elevated solutes that the body cannot eliminate due to chronic renal damage 
associated with the syndrome [25-27]. 

10. Prognosis 

There is limited data in the literature regarding the prognosis of patients either before treatment begins or after it ends. 
With a better understanding of the disease’s pathophysiology, improved outcomes have been achieved in patient 
management. Establishing a treatment protocol and its adaptation results in more effective treatment of the disease and 
a decrease in its associated consequences [27]. It is essential for the care plan to prioritize achieving an optimal quality 
of life, as is clear in other conditions, especially when the patient is admitted to the intensive care unit. This approach 
helps prevent additional complications in the ICU, such as post-intensive care syndrome and others. Ultimately, 
healthcare professionals can provide high-quality care by implementing appropriate strategies [28-33].  

11. Conclusion 

TLS is a critical clinical condition linked with metabolic and electrolyte disturbances that, if not addressed promptly, 
can be fatal for patients. The role of healthcare professionals in specialized hematology and oncology units is especially 
vital, as the early identification of high-risk patients and effective treatment through comprehensive care greatly helps 
minimize serious metabolic complications and enhance the success of anti-neoplastic therapy.  
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