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Article

Background

Diagnostic Criteria for Tumor Lysis Syndrome 
(TLS) and Spontaneous TLS

TLS is an oncologic emergency resulting from massive 
tumor lysis that produces an array of metabolic abnormali-
ties, which may include hyperkalemia, hyperphosphatemia, 
hypocalcemia, and hyperuricemia. Although most often seen 
with hematologic malignancies in the context of cytotoxic 
therapy, it has also been shown to occur in a multitude of 
other neoplasm types with significant tumor burden and 
robust sensitivity to traditional chemotherapy. Rare, but 
noteworthy case reports illustrate that TLS can occur in alter-
native settings, such as following use of relatively weak 
tumoricidal agents such as glucocorticoids, administration of 
monoclonal therapy independently of traditional cytotoxic 
agents, and with radiation treatment.1-3 Similar to cases 
involving hematologic malignancies treated with conven-
tional cytotoxic therapy, these reports demonstrate the pro-
pensity for TLS in the context of widespread disease and a 

vigorous therapeutic response. Spontaneous TLS, or TLS in 
the absence of cytotoxic therapy, has also been reported, but 
it is considered much less common. Hyperphosphatemia is 
less commonly seen with spontaneous TLS, as the phosphate 
released in the spontaneous setting is thought to be reused in 
the generation of new neoplastic cells that would be less 
likely to assimilate with chemotherapy administration.4 As 
hypocalcemia results from serum calcium binding excess 
phosphorus, it is reasonable to presume this metabolic 
derangement would occur less frequently with spontaneous 
TLS as well. Thus, the true incidence of each TLS type 
remains difficult to quantify.5
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Abstract
Tumor lysis syndrome (TLS) is a known complication of malignancy and its treatment. The incidence varies on malignancy type, 
but is most common with hematologic neoplasms during cytotoxic treatment. Spontaneous TLS is thought to be rare. This 
case study is of a 62-year-old female admitted with multisystem organ failure, with subsequent diagnosis of aggressive B cell 
lymphoma. On admission, laboratory abnormalities included renal failure, elevated uric acid (20.7 mg/dL), and 3+ amorphous 
urates on urinalysis. Oliguric renal failure persisted despite aggressive hydration and diuretic use, requiring initiation of 
hemodialysis prior to chemotherapy. Antihyperuricemic therapy and hemodialysis were used to resolve hyperuricemia. 
However, due to multisystem organ dysfunction syndrome with extremely poor prognosis, the patient ultimately expired in 
the setting of a terminal ventilator wean. Although our patient did not meet current TLS criteria, she required hemodialysis 
due to uric acid nephropathy, a complication of TLS. This poses the clinical question of whether adequate diagnostic criteria 
exist for spontaneous TLS and if the lack of currently accepted guidelines has resulted in the underestimation of its incidence. 
Allopurinol and rasburicase are commonly used for prevention and treatment of TLS. Although both drugs decrease uric 
acid levels, allopurinol mechanistically prevents formation of the substrate rasburicase acts to solubilize. These drugs were 
administered together in our patient, although no established guidelines recommend combined use. This raises the clinical 
question of whether combined therapy is truly beneficial or, conversely, detrimental to patient outcomes.
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Although first observed in 1963, standardized objective 
definitions of TLS were not evident until the early 1990s, 
with Hande and Garrow quantifying risk factors and classify-
ing laboratory (LTLS) versus clinical (CTLS) manifesta-
tions.6 The most widely accepted current definition of TLS 
proposed by Cairo and Bishop is more elaborate, with allow-
ances for pretreatment electrolyte abnormalities (Table 1), 
additional criteria for diagnosis within 7 days of treatment, 
and a proposed grading system to quantify the severity of the 
syndrome.7

More recently, Montesinos et al proposed that serum cre-
atinine elevation be incorporated into the LTLS criteria, with 
oliguria and dialysis more appropriately placed in the CTLS 
category.8 However, the Montesinos proposals were made 
with respect to acute myeloid leukemia patients, and it is 
unclear how widely these criteria are applied outside of this 
limited context. In contrast to the more inclusive diagnostic 
criteria proposed by Montesinos and colleagues, Howard and 
colleagues endorsed more restrictive standards with respect 
to the laboratory definition.5 These included both reverting 
back to the pre–Cairo-Bishop era in recognizing only abso-
lute abnormalities in metabolic derangements rather than 
relative increases from the patient’s baseline, and that the 2 
or more abnormalities required for LTLS must be observed 
within a strict 24-hour period. On the other hand, Howard 
and colleagues supported expanding the clinical criteria to 
include any symptomatic hypocalcemia.

Treatment Regimens

Uric acid is a natural product of purine catabolism. As humans 
lack the enzyme urate oxidase, uric acid is also a final oxida-
tion product, which is primarily renally excreted. Massive 
tumor lysis, whether spontaneous or in the context of cyto-
toxic therapy, can result in profound hyperuricemia, thus 
placing patients at risk for renal failure secondary to uric acid 
nephropathy. Although traditionally defined as an obstructive 
nephropathy due to intrarenal uric acid crystal deposition, 
uric acid is now also believed to cause renal injury via endo-
thelial dysfunction and inflammation.9 Prior to the era of ras-
buricase—a recombinant form of urate oxidase—aggressive 

intravenous fluid hydration and allopurinol were the mainstay 
of both prevention and treatment of hyperuricemic complica-
tions in adults. Alkalization of urine was also once used to 
increase the solubility of uric acid, but due to concurrent pre-
cipitation of calcium phosphate, it is no longer recommended 
as routine treatment. Although only approved for adult use in 
the United States recently, rasburicase has been used off-label 
to prevent and treat hyperuricemia-associated complications 
in TLS for some time. However, its role in the setting of allo-
purinol therapy continues to evolve and remains a subject of 
some debate.

Although both allopurinol and rasburicase function as hyp-
ouricemic agents, their mechanisms of action are distinct 
(Figure 1). Allopurinol inhibits the enzyme xanthine oxidase, 
preventing new formation of uric acid, but it is ineffective 
against preformed compound. As a result, it is not able to 

Table 1. Cairo–Bishop Definition of Tumor Lysis Syndrome.

Laboratory tumor lysis syndrome (LTLS)—Must contain 2 or more of the following criteriaa

 Uric acid ≥8.0 mg/dL or 25% increase from baseline
 Potassium ≥6.0 mmol/L or 25% increase from baseline
 Phosphorus ≥4.5 mg/dL or 25% increase from baseline
 Calcium ≤7.0 mg/dL or 25% decrease from baseline
Clinical tumor lysis syndrome (CTLS)—Meets criteria for LTLS + one of the following
 Creatinine ≥1.5 times the upper limit of normal
 Cardiac arrhythmia/sudden death  
 New-onset seizure(s)  

aWithin 3 days before or 7 days after cytotoxic therapy.

Figure 1. Purine catabolism and mechanisms of action of 
allopurinol and rasburicase.
Reprinted from Pession et al.11
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lower plasma uric acid (PUA) levels rapidly. Furthermore, 
allopurinol use results in accumulation of hypoxanthine and 
xanthine, the latter of which is less soluble than uric acid and 
may also cause renal failure due to obstructive nephropathy.10

Rasburicase degrades uric acid into allantoin, a compound 
5 to 10 times more soluble than uric acid. As rasburicase uses 
uric acid as its substrate, it is able to lower PUA levels much 
more rapidly than allopurinol. Manufacturer guidelines for 
rasburicase state that use with allopurinol is not indicated 
and expert review advises against concurrent administration 
of these drugs based on their mechanisms of action.9 Despite 
these recommendations, these agents are often used in com-
bination in clinical practice, which is suspected to occur with 
the intention to minimize the amount of rasburicase needed, 
thus reducing cost. No studies have compared allopurinol 
versus rasburicase in spontaneous TLS, presumably due to 
the spontaneous nature of the condition. Data on the optimal 
treatment of spontaneous TLS remains limited to case 
reports.12,13 A recent review article discusses a number of 
studies exploring the appropriate treatment of adults at high 
risk for TLS for which rasburicase has been deemed standard 
of care even without a full understanding of the cost versus 
benefit.14 Only 2 of these studies incorporated combination 
therapy, with one employing only a stepwise regimen involv-
ing both drugs.15,16

Cortes et al performed a phase III randomized study com-
paring use of (a) rasburicase (RSB) alone, (b) rasburicase 
(days 1-3) followed by allopurinol (days 3-7) (RSB + ALLP), 
and (c) allopurinol (ALLP) alone.15 Table 2 summarizes both 
the time to PUA control and the PUA response rates found in 

this study. The only statistically significant difference in 
PUA response rates was between the rasburicase and allopu-
rinol monotherapy regimens.

The incidence of LTLS in this phase III study was signifi-
cantly lower with rasburicase monotherapy in comparison to 
allopurinol monotherapy, but there were inadequate numbers 
of patients with CTLS to draw statistically significant conclu-
sions of the effect on clinical outcomes. Interestingly, no sta-
tistically significant difference was found in the PUA response 
rate between stepwise therapy and allopurinol monotherapy, 
although the author of this study attributed this finding to both 
missing data and the need for treatment extension beyond 5 
days rather than a lack of PUA control. The statistical signifi-
cance of differences between rasburicase monotherapy and 
stepwise combination therapy with respect to PUA response 
rate and incidence of LTLS were not reported.

Eaddy et al performed a retrospective study comparing 
economic outcomes of concurrent combination allopurinol–
rasburicase therapy to rasburicase monotherapy by quantify-
ing both overall length of stay (LOS), critical care LOS, and 
hospitalization costs.16 As shown in Table 3, an overall hos-
pitalization cost comparison was equivocal between the 2 
regimens, although a trend toward higher cost was seen with 
combination therapy. LOS with combination therapy was 
significantly longer than with monotherapy.

Our Experience: Case Report

A 62-year-old white female presented with a several week his-
tory of general malaise, intermittent febrile episodes for 

Table 2. Time to PUA Control and Response Rates for Cortes et al Treatment Regimensa.

Treatment Regimen

 RSB RSB + ALLP ALLP

Time to PUA controlb 4 hours 4 hours 27 hours
PUA response ratec 87% 78% 66%
 95% CI 80% to 94% 70% to 87% 56% to 76%

Abbreviations: PUA, plasma uric acid; RSB, rasburicase; ALLP, allopurinol; CI, confidence interval.
aData from Cortes et al.15

bTime from initial medication administration to PUA level ≤7.5 mg/dL.
cDefined as PUA level ≤7.5 mg/dL for all measurements from days 3 to 7, no unplanned extension of antihyperuricemic treatment, or missing samples 
(more than 2 consecutive samples or day 7 sample).

Table 3. Length of Stay (LOS) and Costs for Rasburicase Monotherapy Versus Combined Therapy With Allopurinola.

Rasburicase Monotherapy Combination Therapyb P Value

Hospitalization cost $35 843 $46 672 .0059
Mean duration of rasburicase use (days) 2.7 2.1 .0820
Mean LOS (days) 10 15.4 .0067
Mean critical care LOS (days) 2.4 2.9 .3389

aData from Eaddy et al.16

bAllopurinol and rasburicase.
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several months, and development of both anorexia and acute 
metabolic encephalopathy 48 to 72 hours prior to admission. A 
mammogram study performed earlier that month cited omi-
nous appearing masses of the breast and axilla, with recom-
mendations for biopsy and flow cytometry. Physical exam was 
significant for encephalopathy, tachycardia, jaundice, and pal-
pable masses in the axilla. Acute renal failure, lactic acidosis, 
hyperuricemia, and leukocytosis with numerous immature 
forms were noted on admission (Table 4). Chest x-ray was 
without infiltrates, and a noncontrast computed tomography of 
the abdomen/pelvis showed gallbladder wall thickening.

The patient was admitted to the intensive care unit and 
treated with broad-spectrum antibiotics and high-flow intra-
venous fluids (IVF). Oliguric renal failure persisted despite 
IVF and robust IV diuretics, necessitating hemodialysis 
within 72 hours. Urinalysis showed amorphous urates, which 
in combination with profound hyperuricemia and oliguric 
renal failure was consistent with uric acid nephropathy. Right 
axillary node core biopsy, bone marrow biopsy, and cerebro-
spinal fluid analyses confirmed diagnosis of diffuse aggres-
sive large B cell non-Hodgkin’s lymphoma with central 
nervous system involvement.

One dose of rasburicase, 6 mg IV, was ordered concurrent 
with allopurinol (100 mg IV given daily for 5 days) 

following the initial hemodialysis session. Chemotherapy 
was initiated on day 4 with systemic cyclophosphamide, 
adriamycin, vincristine, and prednisone as well as intrathecal 
methotrexate and hydrocortisone. Rituximab therapy was 
started on day 7. Impending respiratory failure necessitated 
endotracheal intubation and the patient remained ventilator 
dependent thereafter.

Increasing oxygen requirement prompted a bronchos-
copy, revealing pulmonary hemorrhage syndrome and raised 
concern of a concurrent infectious etiology. Despite a modi-
fied antibiotic regimen, the patient’s condition continued to 
deteriorate. Ultimately, her family elected for palliative mea-
sures only, and the patient expired.

Discussion

Combination Treatment Regimens

The effect of clinical outcomes in adult patients receiving 
combination rasburicase–allopurinol therapy was limited 
primarily to a single study that focused on economic and 
health utilization outcomes.16 This study did not find the 
combination regimen advantageous from a cost perspective 
and actually revealed it was detrimental with respect to LOS. 

Table 4. Serum Laboratory Dataa.

Reference Range 72 Hours before Admission On Admission

Sodium (mmol/L) 135-145 140 133
Chloride (mmol/L) 98-108 103 93
Carbon dioxide (mmol/L) 22-33 24 16
Blood urea nitrogen (mg/dL) 6-24 10 50
Creatinine (mg/dL) 0.6-1.1 1.54 7.09
Calcium (mg/dL) 8.4-10.5 10.5 10.7
Albumin (g/L) 3.2-4.4 — 2.4
Uric acid (mg/dL) 2.6-7.2 — 20.7
Ionized calcium (mmol/L) 1.09-1.30 — 1.29
Estimated GFR (mL/min/1.73 m2) ≥60 34 6
White blood cells (thouands/µL) 4.0-10.5 17.7 29.9
 Bands (%) <10 24 12
 Neutrophils (%) 45-82 37 38
 Monocytes (%) 4-13 9 20
Hemoglobin (g/dL) 12.1-15.8 10.4 9.1
Hematocrit (%) 35.8-46.5 29.6 27.2
Platelets (thousands/µL) 154-393 131 108
Aspartate aminotransferase (U/L) 0-45 — 227
Alkaline phosphatase (U/L) 0-133 — 450
Alanine aminotransferase (U/L) 0-60 — 81
Total bilirubin (mg/dL) 0.2-1.2 — 4.1
Direct/indirect bilirubin (mg/dL) 0-0.2/0-1.1 — 2.0/2/1
Lipase (IU/L) 0-36 — 45
International normalized ratio 0.8-1.2 1.5 1.6
Protime (seconds) 9.8-13.4 16.7 18
Myoglobin 0-200 — 493

aPotassium, glucose, phosphorus, ionized calcium, lymphocyte %, eosinophil %, basophil %, troponin, CKMB, and BNP were all within normal limits.
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Rasburicase is recommended for monotherapy use based on 
its contradictory mechanism of action to allopurinol. As ras-
buricase use is typically limited to either the treatment of 
existing TLS or patients at high risk of developing TLS, it 
would also seem reasonable to minimize other potential renal 
impairments such as xanthine nephropathy, thus making con-
current allopurinol therapy ill-advised. Further safety and 
efficacy studies are needed to assess combined allopurinol 
and rasburicase use, but no current evidence supports combi-
nation therapy and detrimental effects of such therapy remain 
a clinical concern.

Diagnostic Criteria for TLS and Spontaneous TLS

The patient was admitted with renal failure secondary to uric 
acid nephropathy in the context of undiagnosed diffuse large 
B cell lymphoma. However, despite a uric acid of over 20 
mg/dL and resultant renal failure necessitating hemodialysis 
prior to cytotoxic therapy, she did not meet the currently 
accepted diagnostic criteria for TLS.

We believe that not only are the currently accepted criteria 
insufficient to accurately diagnose spontaneous TLS but also 
underestimate its incidence. This underestimation of sponta-
neous TLS is best illustrated by findings of Hsu et al in 
2004.17 This retrospective review of 926 patients with acute 
renal failure based the diagnosis of spontaneous TLS on the 
presence of uric acid nephropathy, elevated lactate dehydro-
genase, and biopsy proven malignancy, rather than simply 
focusing on metabolic derangements. Spontaneous TLS was 
found in 1.08% of these patients, making the incidence 
uncommon, but certainly not as extraordinary as the medical 
literature implies.18

Therefore, it is proposed that in the absence of cytotoxic 
therapy, that patients with hyperuricemia (UA ≥ 8.0 mg/dL) 
in the presence of suspected malignancy with elevated lac-
tate dehydrogenase (>2 × ULN), acute oliguric or anuric 
renal failure despite adequate volume resuscitation without 
evidence of postobstructive cause, and urinary uric acid to 
creatinine ratio greater than 1.0 be considered spontaneous 
TLS until proven otherwise. In simplistic terms, if a patient 
is suspected to have an undiagnosed malignancy with evi-
dence of significant tumor breakdown that is causing end 
organ damage, empiric treatment should be initiated to mini-
mize that damage while the diagnosis is clarified. Although 
definitions and criteria are useful in many respects, under-
standing the pathophysiology associated with massive tumor 
lysis and applying this knowledge to a patient’s clinical pre-
sentation is far more valuable than any classification system 
or predictive algorithm.

It is reasonable to assume that patients with spontaneous 
TLS may not have a malignancy diagnosis on presentation, 
as seen with our patient. As it is also not unusual for patients 
with organ dysfunction of unclear etiology to be admitted to 
internists, simplification of criteria could assist generalists in 
minimizing and possibly preventing permanent renal 

damage. As the morbidity, mortality, and cost associated 
with renal replacement therapy is substantial, the impact of 
earlier diagnosis could be significant on many levels.19,20 In 
many respects, this proposal is not markedly different from 
that of administering steroids for suspected temporal arteritis 
nodosa prior to biopsy-proven disease or providing empiric 
antibiotic therapy when bacterial meningitis is suspected, but 
cerebrospinal fluid analysis is pending.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

References

 1. Malik IA, Abubakar S, Alam F, Khan A. Dexamethasone-
induced tumor lysis syndrome in high-grade non-Hodgkin’s 
lymphoma. South Med J. 1994;87:409-411.

 2. Yang H, Rosove MH, Figlin RA. Tumor lysis syndrome occur-
ring after the administration of rituximab in lymphoproliferative 
disorders: high-grade non-Hodgkin’s lymphoma and chronic 
lymphocytic leukemia. Am J Hematol. 1999;62:247-250.

 3. Dar L, Gendelman O, Amital H. Tumor lysis syndrome pre-
senting in a patient with metastatic melanoma treated with 
radiation therapy. Isr Med Assoc J. 2014;16:456-457.

 4. Kjellstrand CM, Cambell DC 2nd, von Hartitzsch B, 
Buselmeier TJ. Hyperuricemic acute renal failure. Arch Intern 
Med. 1974;133:349-359.

 5. Howard SC, Jones DP, Pui CH. The tumor lysis syn-
drome. N Engl J Med. 2011;364:1844-1854. doi:10.1056/
NEJMra0904569.

 6. Hande KR, Garrow GC. Acute tumor lysis syndrome in 
patients with high-grade non-Hodgkin’s lymphoma. Am J Med. 
1993;94:133-139.

 7. Cairo MS, Bishop M. Tumour lysis syndrome: new therapeutic 
strategies and classification. Br J Haematol. 2004;127:3-11. 
doi:10.1111/j.1365-2141.2004.05094.x.

 8. Montesinos P, Lorenzo I, Martin G, et al. Tumor lysis syn-
drome in patients with acute myeloid leukemia: identifica-
tion of risk factors and development of a predictive model. 
Haematologica. 2008;93:67-74. doi:10.3324/haematol.11575.

 9. Malaguarnera G, Giordano M, Malaguarnera M. Rasburicase 
for the treatment of tumor lysis in hematological malignancies. 
Expert Rev Hematol. 2012;5:27-38. doi:10.1586/ehm.11.73.

 10. LaRosa C, McMullen L, Bakdash S, et al. Acute renal failure 
from xanthine nephropathy during management of acute leuke-
mia. Pediatr Nephrol. 2007;22:132-135. doi:10.1007/s00467-
006-0287-z.

 11. Pession A, Melchionda F, Castellini C. Pitfalls, prevention, 
and treatment of hyperuricemia during tumor lysis syndrome in 
the era of rasburicase (recombinant urate oxidase). Biologics. 
2008;2:129-141.

 12. Saleh RR, Rodrigues J, Lee TC. A tumour lysis syndrome 
in a chemotherapy naive patient with metastatic pancreatic 



6 Journal of Investigative Medicine High Impact Case Reports

adenocarcinoma. BMJ Case Rep. 2015;2015. doi:10.1136/
bcr-2014-207748.

 13. Yun S, Vincelette ND, Phan T, Anwer F. Spontaneous tumour 
lysis syndrome associated with contrast dye iohexol use in man-
tle cell lymphoma. BMJ Case Rep. 2014;2014. doi:10.1136/
bcr-2014-204113.

 14. Dinnel J, Moore BL, Skiver BM, Bose P. Rasburicase in the man-
agement of tumor lysis: an evidence-based review of its place in 
therapy. Core Evid. 2015;10:23-38. doi:10.2147/CE.S54995.

 15. Cortes J, Moore JO, Maziarz RT, 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 allo-
purinol compared with allopurinol alone—results of a mul-
ticenter phase III study. J Clin Oncol. 2010;28:4207-4213. 
doi:10.1200/JCO.2009.26.8896.

 16. Eaddy M, Seal B, Tangirala K, Davies EH, O’Day K. Economic 
implications of rasburicase treatment in adult patients with 

tumour lysis syndrome. Appl Health Econ Health Policy. 
2012;10:431-440. doi:10.2165/11634230-000000000-00000.

 17. Hsu HH, Chan YL, Huang CC. Acute spontaneous tumor 
lysis presenting with hyperuricemic acute renal failure: 
clinical features and therapeutic approach. J Nephrol. 
2004;17:50-56.

 18. Alkhuja S, Ulrich H. Acute renal failure from spontaneous 
acute tumor lysis syndrome: a case report and review. Ren Fail. 
2002;24:227-232.

 19. Himmelfarb J, Ikizler TA. Hemodialysis. N Engl J Med. 
2010;363:1833-1845. doi:10.1056/NEJMra0902710.

 20. The National Institute of Diabetes and Digestive and Kidney 
Diseases. Kidney failure: choosing a treatment that’s right for 
you (NIH Publication No. 08-2412). http://www.niddk.nih.
gov/health-information/health-topics/kidney-disease/kidney-
failure-choosing-a-treatment-thats-right-for-you/Pages/facts.
aspx. Published 2007. Accessed July 9, 2015.


