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Abstract Purpose: Tumor lysis syndrome (TLS) is a
potential complication in cancer therapy. It may occur
in highly sensitive tumors, especially in childhood can-
cers and acute leukemias, whereas it is rare in the
treatment of adult solid tumors. TLS is characterized by
hyperuricemia, hyperkalemia, hyperphosphatemia and
hypocalcemia following massive lysis of malignant cells.
Complications include acute renal failure and metabolic
acidosis. We report the first case of TLS during che-
motherapy in a patient with metastatic medulloblas-
toma, together with a review of the literature regarding
the occurrence of TLS in patients with solid tumors.
Methods: Data regarding clinical and biochemical
parameters were extracted from the actual patients’ files.
Reports of TLS in the English language literature up to
2002 were identified by searching Medline. Results: A
23-year old male with metastatic medulloblastoma
received chemotherapy with cisplatin and etoposide due
to massive extracerebral manifestations including me-
tastases to the liver, mediastinal lymph nodes and bone
marrow metastases. The patient developed classical
signs of TLS on the second day of chemotherapy, in-
cluding acute renal failure. A 17-fold increase in plasma
LDH up to 87608 U/l was observed together with a 4-
fold increase in plasma creatinine. The patient was
treated with aggressive hydration, allopurinol and
repeated hemodialysis. During the following days the
patient improved and the biochemical markers all
returned to normal. Review: Reviewing the literature, a
total of 45 patients with solid tumors who developed
TLS have been reported. Most of the patients presented
with metastatic, therapy-sensitive disease. Although
preventable in practically 100% of patients, TLS is a
potentially fatal complication, and in this material the
mortality rate was one in three. Risk factors included

increased LDH, hyperuricemia and pretreatment azot-
emia. Conclusions: TLS is only rarely associated with
treatment of solid tumors. Precautions should be taken
to avoid this potentially fatal complication in
(chemo)therapy of solid tumors, especially in therapy-
sensitive tumors presenting with bulky, metastatic dis-
ease and preexisting risk factors, including azotemia,
elevated LDH and hyperuricemia. Prophylactic treat-
ment to avoid TLS includes allopurinol, hydration prior
to treatment and alkalization of the urine. Urate oxidase
(rasburicase) is now beginning to replace allopurinol as a
more effective way of reducing hyperuricemia and
thereby the risk of TLS.

Keywords Tumor lysis syndrome Æ Medulloblastoma

Introduction

Tumor lysis syndrome (TLS) is characterized by the
release of intracellular components into the bloodstream
due to massive lysis of malignant cells, spontaneously or
following antineoplastic therapy [1, 2, 3]. The syndrome
is characterized by hyperuricemia, hyperkalemia, hy-
perphosphatemia and hypocalcemia. Hyperuricemia is
caused by purine degradation and may lead to precipi-
tation of uric acid crystals in the collecting tubules in the
kidney, resulting in obstructive nephropathy. Hyper-
kalemia, following potassium effusion from the
cytoplasm, may lead to cardiac arrhythmias and cardiac
arrest. Hyperphosphatemia, following nucleoprotein
degradation, may cause precipitation of calcium phos-
phate in the renal tubules aggravating the acute renal
failure. Hypocalcemia follows the precipitation of cal-
cium phosphate in the tissues and may cause neuro-
muscular irritability including tetany, convulsions and
changes in mental behavior. Development of acidosis
may also be associated with the syndrome. Potassium,
uric acid and phosphate are primarily excreted by renal
clearance, and development of renal failure will further
aggravate the electrolyte derangement.
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Case story

A 23-year-old male presented with initial symptoms comprising
dizziness and headache. A computed tomography (CT) scan of the
cerebrum showed tumor in the fourth ventricle. An incomplete
resection of the tumor was done, and histological examination
showed medulloblastoma WHO grade IV. A magnetic resonance
(MR) scan of the cerebrum and the spinal cord following the
operation showed involvement of the spinal cord with meningeal
lesions, pointing to carcinomatosis. Radiotherapy was given
following the operation against the cerebrum, posterior fossa and
spinal cord. Subsequently, MR scan revealed complete remission
with no tumor manifestations from the central nervous system. Six
months later the patient presented with malaise, diffuse abdominal
pain, nausea and anorexia. A relapse was demonstrated with
massive extracerebral manifestations of the medulloblastoma
including metastases to the liver, mediastinal lymph nodes and
bone marrow carcinosis. Subsequently, the patient received a che-
motherapy regimen including cisplatin 20 mg/m2 per day and
etoposide 50 mg/m2 per day, both administered daily for 5 days
every 3 weeks.

On admission, levels of hemoglobin, plasma sodium, plasma
potassium and plasma creatinine were all within normal limits.
There were elevated levels of plasma bilirubin, plasma alkaline
phosphatase and plasma aspartic aminotransferase (p-AST). Che-
motherapy was administered as planned for the first 2 days without
immediate complications. On the 2nd day the patient complained
of fatigue and difficulty in breathing, and a decrease in urinary
output was noted. The patient was treated with infusions of normal

saline and high doses of diuretics without effect on the urine vol-
ume, while the biochemical markers showed signs of hemodilution
with hemoglobin levels declining to 5.1 mmol/l (normal range 8.0–
11.0 mmol/l) and plasma sodium to 106 mmol/l (136–146 mmol/l).
Simultaneously, the body weight increased from 62 kg to 74 kg,
demonstrating a fluid overload. The patient developed hyperkal-
emia and rising azotemia parameters with plasma creatinine
0.330 mmol/l (normal range 0.060–0.130 mmol/l), plasma carba-
mide 22.6 mmol/l (2.5–7.5 mmol/l) and plasma potassium
6.5 mmol/l (3.2–4.7 mmol/l), and oliguria with a 24-h urinary
output less than 200 ml. TLS was further indicated by the following
laboratory results: plasma ionized calcium 0.69 mmol/l (normal
range 1.15–1.35 mmol/l), plasma phosphate 3.53 mmol/l (0.80–
1.50 mmol/l) and plasma urate 2.03 mmol/l (0.20–0.45 mmol/l; see
Fig. 1).

Together with cardiac monitoring the patient was treated
with intravenous glucose, insulin and oral polystyrensulfonate
(Resonium) but with an unsatisfactory effect on the increasing
potassium level. On day 3 ultrasonic examination of the abdo-
men showed no sign of hydronephrosis. Hemodialysis was
initiated on day 3 due to progressing renal failure and
hyperkalemia and was repeated on day 4. The patient received
intravenous calcium and also allopurinol 300 mg orally once
daily from day 5. During the following days the patient im-
proved and the biochemical markers returned to normal levels.
The plasma level of lactate dehydrogenase (LDH) was 4792 U/l
before chemotherapy, rising to 87608 U/l on day 5, declining to
7869 U/l on day 15 and further to 542 U/l on day 46 (normal
range 150–450 U/l), indicating at first heavy cell lysis and sub-
sequently decreased tumor burden.

Following the patient’s clinical and biochemical recovery, three
additional series of chemotherapy were given, during which no sign
of TLS was observed. A CT scan after these four treatment courses
showed partial remission with regression of the tumor manifesta-
tions in the liver and lungs and normalization of the biochemical
parameters of the liver.

Fig. 1 Acute TLS following chemotherapy for metastatic medullo-
blastoma with acutely increased levels of potassium, urate,
creatinine and LDH
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Literature review

Previously, only one case of TLS following therapy for
medulloblastoma has been reported. The particular case
was a 34-year-old woman with metastatic medulloblas-
toma, who received palliative radiotherapy for a rapidly
expanding abdominopelvic mass. Following radiother-
apy the patient developed TLS, which resolved following
standard treatment [4].

Reviewing the literature, a total of 45 cases were
found from the first report in 1977 to 2002. Among these
cases, 37 occurred in tumors highly or moderately sen-

sitive to therapy (Table 1). However, eight of the cases
occurred in tumor types (melanoma, sarcoma and
hepatocellular carcinoma) traditionally regarded as rel-
atively insensitive to therapy. In six of these latter cases
the patients presented with bulky, metastatic disease.

TLS has been reported in nine patients in connection
with small-cell carcinoma, in seven patients localized to
the lung, in one to the skin and in one to the colon. TLS
has been reported in seven patients with breast cancer.
Casuistic reports include four cases of neuroblastoma,
four of melanoma and four of germ cell tumors. Gas-
trointestinal cancer has been reported in four patients.
TLS has been reported in only two patients with

Table 1 Tumor types in TLS (ALT autolymphocyte therapy, Bleo
bleomycin, Ca carboplatin, CCNU lomustine, Ci cisplatin, CPT
irinotecan, CS corticosteroids, C cyclophosphamide, Da dacarb-
azine, D doxorubicin, Epi epirubicin, E etoposide, F5-FU, I
iphosphamide, IF interferon-alpha, IL Interleukin-1, M methot-

rexate, Mi mitoxantrone, mAb anti-GD3 monoclonal antibody,
Pac paclitaxel, RT radiotherapy, Tn teniposide, TCE transcatheter
chemoembolization, TNF tumor necrosis factor-alpha, V vincris-
tine, Vbl vinblastine)

Sensitivity Tumor type Age Treatment Onset of TLS Outcome of TLS Reference Year

High Small-cell carcinoma 74 years Ci, E 2 days Resolved 7 1997
57 years D, Ci, E, V 36 h Died 31 1983
78 years D, C, V 7 days Resolved 32 1983
67 years CCNU, C, M 24 h Died 33 1988
57 years D, C, V 4 days Resolved 34 1990
64 years Ci, E 7 days Resolved 33 1988
65 years D, I 3 days Resolved 38 1991
61 years Ci, E 4 days Died 14 2001
52 years Ci, E 2 days Resolved 17 1999

Germ cell tumors 52 years None 4 weeks Resolved 37 2001
24 years None Weeks? Resolved 37 2001
52 years Ci, E, Bleo 45 h Resolved 35 2000
58 years Vbi, Bleo 3 days Resolved 24 1989

Neuroblastoma 2 weeks V, Tn, RT Not reported Resolved 27 1994
3.5 months RT Not reported Resolved 27 1994
2 days V, Tn, RT Not reported Resolved 27 1994
4 months C, Tn 1 week Resolved 27 1994

Medulloblastoma 34 years RT 4 days Resolved 4 1984
23 years Ci, E 24 h Resolved – 2002

Hepatoblastoma 7 months Surgery Acute Died 21 1990

Moderate Breast carcinoma 57 years C, M, F 2 days Resolved 24 1989
31 years Mi 4 days Resolved 13 1994
56 years Pac 24 h Died 39 1997
94 years Tamoxifen 7 days Resolved 28 1986
62 years None 15 days Died 30 1995
53 years F, D, C 18 h Died 29 1987
73 years RT 48 h Died 8 2000

NSCLC 72 years None Spontaneous Died 15 2000
38 years CPT, Ci 13 days Resolved 18 1998

Vulvar carcinoma 74 years Ci, F 9 days Died 16 1996
66 years Ci, F 36 h Resolved 42 1993

Thymoma 33 years Ci, D, CS 24 h Resolved 11 1997
Ovarian carcinoma 47 years Ca, C 4 days Resolved 22 1993
Gl tract 50 years None Spontaneous Died 23 1977
Colorectal carcinoma 42 years CPT 8 days Died 20 1996

38 years CPT 6 days Died 40 2000
Gastric carcinoma 36 years None Spontaneous Resolved 10 2001

Insensitive Melanoma 41 years Ci, Da, IF 2 days Died 36 2001
76 years TNF, mAb 8 h Died 25 1994
61 years IL, IF, Ci, Vbl, Da 24 h Resolved 12 1999
56 years CS 7 h Resolved 41 2002

Hepatocellular carcinoma 44 years TCE 8 h Died 19 1998
46 years TCE 12 h Resolved 19 1998

Sarcoma 66 years C, ALT 16 h Resolved 9 1993
9 years Ca, Epi, V 48 h Resolved 26 1993
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non-small-cell lung cancer. Also, two cases of TLS in
sarcoma, two in vulvar carcinoma and two in
hepatocellular carcinoma have been reported. Only one
case of TLS has been reported in each of the following
tumor types: hepatoblastoma, ovarian cancer, thymoma
and medulloblastoma.

With respect to treatment modalities, TLS was seen
following single-agent or combination chemotherapy in
31 of 45 reported patients. TLS has also been reported
following radiotherapy alone or in combination with
chemotherapy, following surgery, following endocrine
therapy with corticosteroids and tamoxifen and follow-
ing treatment with biological response modifiers plus
interferon, and spontaneously. The only reported case of
TLS related to surgery was seen in a patient with
hepatoblastoma during primary surgical resection,
believed to be due to ischemic necrosis of the tumor.

Of the 45 patients with TLS, 39 presented with met-
astatic disease. TLS occurred in only six patients with
localized or locally advanced disease. The age of the
patients showed a wide range from a 2-day-old infant to
94 years of age, with a median age of 56 years.

Increased LDH prior to treatment, as a marker of
tumor burden, is a risk factor for TLS and was here
documented in 82% of the evaluable patients (see
Table 2). Other risk factors included pretreatment
hyperuricemia and renal impairment, found in 47% and
33% of the evaluable patients, respectively. The pre-
treatment risk factors were not found to be particularly
prevalent in those patients with insensitive tumor types.
The onset of TLS varied widely, from a few hours to
several weeks. In 87% of the evaluable patients, the
onset was within 7 days of treatment.

Table 3 shows the characteristic biochemical features
presented by the patients with TLS. Some of the reports
do not describe all relevant parameters. Hyperuricemia
and increased LDH were the most consistent findings,
presented by 98% and 96%, respectively. Acute renal
insufficiency was found in 93% of the patients. Hyper-
phosphatemia and hypocalcemia each occurred in more

than 89% of the evaluable patients. Hyperkalemia was
documented in 73% of the patients. Also metabolic
acidosis was a common feature, reported in 83% of the
evaluable patients.

With respect to outcome, one-third of the reported
patients (16/45) died as a result of TLS. The causes were
either hyperkalemia with cardiac arrhythmias or acute
uremia.

Discussion and conclusion

Within the first 2 days after initiation of chemotherapy
our patient with metastatic medulloblastoma developed
TLS, which showed all the classical features and was
complicated by renal insufficiency. Our patient had
normal renal function prior to treatment, but signifi-
cantly increased levels of LDH. He had bulky disease
with massive extracerebral manifestations of the
medulloblastoma including metastases to the liver,
mediastinal lymph nodes and bone marrow metastases.
Additionally, medulloblastoma, being a typical child-
hood cancer, is known to be particularly sensitive to
chemotherapy. All these factors seem to place the
patient in a high-risk group for developing TLS. Our
patient recovered completely, demonstrating that
immediate hemodialysis may reverse the toxicity.

TLS is a rare complication of cancer therapy for solid
tumors, although the reported cases likely underestimate
the true incidence. We found that TLS is most frequently
seen in patients with metastatic disease and with tumors
highly sensitive to antineoplastic therapy. However,
surprisingly, TLS was also reported in patients with
relatively insensitive tumor types. It is possible that
improvement in the systemic treatment of various solid
tumors with increasing responses seen in recent years
may increase the potential incidence of TLS, if action to
prevent the complication is not taken. Increased LDH,
hyperuricemia and pretreatment renal impairment are
here documented to be risk factors for the development
of TLS.

TLS is most often seen during chemotherapy in
hematological malignancies, such as acute lymphoblastic
leukemia and Burkitt’s lymphoma [3, 5, 6]. Hande et al.
found the incidence of TLS among patients with high-
grade non-Hodgkin’s lymphoma to be 42%, although
only clinically significant in a minority of these patients
[5]. We found the mortality rate among patients with
TLS in solid tumors to be higher than among those with
hematological malignancies [5, 6], where prophylactic
measures more often are implemented and where aware-
ness of the syndrome is higher.

The primary aim of treatment is the prevention of
hyperuricemia and achievement of a high urine flow, as
this will reduce the likelihood of uric acid and/or calci-
um phosphate precipitation in the renal tissue, and will
also increase the elimination of potassium. The mainstay
of treatment has been intravenous hydration and allo-
purinol (oral and intravenous preparations available).

Table 2 Pretreatment risk factors for TLS in solid tumors.
Denominators indicate evaluable cases in which specific results
were reported

Azotemia 13/40 (33%)
Elevated LDH 24/29 (82%)
Hyperuricemia 14/30 (47%)

Table 3 Biochemical characteristics of TLS in solid tumors.
Denominators indicate evaluable cases in which specific results
were reported

Azotemia 41/44 (93%)
Increased LDH 25/26 (96%)
Hyperuricemia 42/43 (98%)
Hyperkalemia 31/42 (73%)
Hyperphosphatemia 38/42 (89%)
Hypocalcemia 34/39 (89%)
Metabolic acidosis 15/18 (83%)
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Where possible hydration and allopurinol should com-
mence at least 24 h prior to cytotoxic chemotherapy to
ensure adequate renal function. Vigorous diuresis may
also prevent crystallization of xanthine and other purine
metabolites, whose excretion is increased with the use of
allopurinol. The use of alkalization is controversial.
Although in theory the production of alkaline urine will
improve the excretion of uric acid, vigorous urinary
alkalization may increase the likelihood of calcium
phosphate precipitation in the renal tubules, so bicar-
bonate administration should be used with caution or
avoided altogether. In addition, metabolic alkalosis may
worsen the neurological manifestations of hypocalcemia.
An alternative (and more effective) drug to allopurinol is
urate oxidase, a uricolytic enzyme that converts uric acid
to allantoin. In several studies the use of either the
nonrecombinant urate oxidase or rasburicase (a new
recombinant form of urate oxidase) has demonstrated
both more rapid control and lower levels of plasma uric
acid and better renal function outcome compared to the
use of allopurinol [43, 44, 45, 46, 47, 48].

Although rare, TLS following therapy for solid
tumors is a potentially fatal complication and prevent-
able in practically 100% of patients, which makes it
important to avoid. The mortality rate of TLS in solid
tumors was here found to be one in three. High aware-
ness is required especially in patients with sensitive
tumor types, metastatic disease and known pretreatment
risk factors, including renal impairment, hyperuricemia
and increased LDH. Prophylactic treatments to avoid
TLS include allopurinol, hydration prior to treatment
and alkalization of the urine. Urate oxidase (rasburi-
case) seems to be a more effective way of reducing
hyperuricemia and thereby the risk of TLS.

References

1. Bishop MR, Coccia PF (1995) Tumor lysis syndrome. In: A-
beloff MD, Armitage JO, Lichhter AS, Niederhuber JE (ed)
Clinical oncology. Churchill Livingstone, New York, p 557

2. Cavalli F, Hansen HH, Kaye SB (1997) Tumor lysis syndrome.
In: Cavalli F (ed) Textbook of medical oncology. Martin
Dunitz, London, p 403

3. Lorigan PC, Woodings PL, Morgenstern GR, Scarffe JH
(1996) Tumour lysis syndrome, case report and review of the
literature. Ann Oncol 7:631

4. Tomlinson GC, Solberg LE (1984) Acute tumor lysis in meta-
static medulloblastoma. Cancer 53:1783

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

6. Cohen LF, Balow JE, Magrath IT, Poplack DG, Ziegler JL
(1980) Acute tumor lysis syndrome. A review of 37 patients
with Burkitt’s lymphoma. Am J Med 68:486

7. Kalemkerian GP, Darwish B, Varterasian ML (1997) Tumor
lysis syndrome in small cell carcinoma and other solid tumors.
Am J Med 103:363

8. Rostom AY, El-Hussainy G, Kandil A, Allam A (2000) Tumor
lysis syndrome following hemi-body irradiation for metastatic
breast cancer. Ann Oncol 11:1349

9. Gold JE, Malamud SC, LaRosa F, Osband ME (1993)
Adoptive chemoimmunotherapy using ex vivo activated mem-
ory T-cells and cyclophosphamide: tumor lysis syndrome of a
metastatic soft tissue sarcoma. Am J Hematol 44:42

10. Woo IS, Kim JS, Park MJ, Lee MS, Cheon RW (2001)
Spontaneous acute tumor lysis syndrome with advanced gastric
cancer. J Korean Med Sci 16:115

11. Yokoi K, Miyazawa N, Kano Y, Akutsu M, Mori K, Tomi-
naga K, Imura G (1997) Tumor lysis syndrome in invasive
thymoma with peripheral blood T-cell lymphocytosis. Am
J Clin Oncol 20:86

12. Castro MP, VanAuken J, Spencer-Cisek P, Legha S, Sponzo
RW (1999) Acute tumor lysis syndrome associated with con-
current biochemotherapy of metastatic melanoma: a case
report and review of the literature. Cancer 85:1055

13. Drakos P, Bar-Ziv J, Catane R (1994) Tumor lysis syndrome in
nonhematologic malignancies. Report of a case and review of
the literature. Am J Clin Oncol 17:502

14. Kallab AM, Jillella AP (2001) Tumor lysis syndrome in small
cell lung cancer. Med Oncol 18:149

15. Feld J, Mehta H, Burkes RL (2000) Acute spontaneous tumor
lysis syndrome in adenocarcinoma of the lung: case report. Am
J Clin Oncol 23:491

16. Khalil A, Chammas M, Shamseddine A, Seoud M (1998) Fatal
acute tumor lysis syndrome following treatment of vulvar
carcinoma: case report. Eur J Gynaecol Oncol 19:415

17. Marinella MA (1999) Fatal tumor lysis syndrome and gastric
hemorrhage associated with metastatic small-cell lung carci-
noma. Med Pediatr Oncol 32:464

18. Persons DA, Garst J, Vollmer R, Crawford J (1998) Tumor
lysis syndrome and acute renal failure after treatment of non-
small-cell lung carcinoma with combination irinotecan and
cisplatin. Am J Clin Oncol 21:426

19. Burney IA (1998) Acute tumor lysis syndrome after trans-
catheter chemoembolization of hepatocellular carcinoma. South
Med J 91:467

20. Boisseau M, Bugat R, Mahjoubi M (1996) Rapid tumour lysis
syndrome in a metastatic colorectal cancer increased by treat-
ment (CPT-11). Eur J Cancer 32A:737

21. Lobe TE, Karkera MS, Custer MD, Shenefelt RE, Douglass
EC (1990) Fatal refractory hyperkalemia due to tumor lysis
during primary resection for hepatoblastoma. J Pediatr Surg
25:249

22. Bilgrami SF, Fallon BG (1993) Tumor lysis syndrome after
combination chemotherapy for ovarian cancer. Med Pediatr
Oncol 21:521

23. Crittenden DR, Ackerman GL (1977) Hyperuricemic acute
renal failure in disseminated carcinoma. Arch Intern Med
137:97

24. Barton JC (1989) Tumor lysis syndrome in nonhematopoietic
neoplasms. Cancer 64:738

25. Minasian LM, Szatrowski TP, Rosenblum M, Steffens T,
Morrison ME, Chapmann PB, Williams L, Nathan CF,
Houghton AN (1994) Hemorrhagic tumor necrosis during a
pilot trial of tumor necrosis factor-alpha and anti-GD3 gan-
glioside monoclonal antibody in patients with metastatic mel-
anoma. Blood 83:56

26. Khan J, Broadbent VA (1993) Tumor lysis syndrome compli-
cating treatment of widespread metastatic abdominal rhabdo-
myosarcoma. Pediatr Hematol Oncol 10:151

27. Hain RD, Rayner L, Weitzman S, Lorenzana A (1994) Acute
tumour lysis syndrome complicating treatment of stage IVS
neuroblastoma in infants under six months old. Med Pediatr
Oncol 23:136

28. Cech P, Block JB, Cone LA, Stone LA, Stone R (1986) Tumor
lysis syndrome after tamoxifen flare. New Engl J Med 315:263

29. Stark ME, Dyer MC, Coonley CJ (1987) Fatal acute tumor
lysis syndrome with metastatic breast carcinoma. Cancer
60:762

30. Sklarin NT, Markham M (1995) Spontaneous recurrent tumor
lysis syndrome in breast cancer. Am J Clin Oncol 18:71

191



31. Vogelzang NJ, Nelimark RA, Nath KA (1983) Tumor lysis
syndrome after induction chemotherapy of small cell bron-
chogenic carcinoma. JAMA 249:513

32. Baumann MA, Frick JC, Holoye PY (1983) The tumor lysis
syndrome. JAMA 250:615

33. Heching N, Bonomi P (1988) Tumor lysis syndrome in meta-
static small cell cancer. Proc Am Assoc Cancer Res 29:179

34. Hussein AM, Feun LG (1990) Tumor lysis syndrome after
induction chemotherapy in small-cell lung carcinoma. Am
J Clin Oncol 13:10

35. Blanke CD, Hemmer MP, Witte RS (2000) Acute tumor lysis
syndrome with choriocarcinoma. South Med J 93:916

36. Stoves J, Richardson D, Patel H (2001) Tumour lysis syndrome
in a patient with metastatic melanoma treated with bioche-
motherapy. Nephrol Dial Transplant 16:188

37. Pentheroudakis G, O’Neill VJ, Vasey P, Kaye SB (2001)
Spontaneous acute tumour lysis syndrome in patients with
metastatic germ cell tumours. Report of two cases. Support
Care Cancer 9:554

38. Dirix LY, Prove A, Becquart D, Wouters E, Vermeulen P, Van
Oosterom A (1991) Tumor lysis syndrome in a patient with
metastatic Merkel cell carcinoma. Cancer 67:2207

39. Ustundag Y, Boyacioglu S, Haznedaroglu IC, Baltali E (1997)
Acute tumor lysis syndrome associated with paclitaxel. Ann
Pharmacother 31:1548

40. Nikolic-Tomasevic Z, Jelic S, Popov I, Radosavljevic D (2000)
Colorectal cancer: dilemmas regarding patient selection and
toxicity prediction. J Chemother 12:244

41. Habib GS, Saliba WR (2002) Tumor lysis syndrome after
hydrocortisone treatment in metastatic melanoma: a case
report and review of the literature. Am J Med Sci 323:155

42. Shamseddine AI, Khalil AM, Wehbeh MH (1993) Acute tumor
lysis syndrome with squamous cell carcinoma of the vulva.
Gynaecol Oncol 51:258

43. Pui CH, Mahmoud HH, Wiley JM, Woods GM, Leverger G,
Camitta B, Hastings C, Blaney SM, Relling MV, Reaman GH
(2001) Recombinant urate oxidase for the prophylaxis or
treatment of hyperuricemia in patients with leukemia or lym-
phoma. J Clin Oncol 19:697

44. Masera G, Jankovic M, Zurio MG, Locasciulli A, Rossi MR,
Uderzo C, Recchia M (1982) Urate oxidase prophylaxis of uric
acid induced renal damage in childhood leukemia. J Pediatr
100:152

45. Pui CH, Relling MV, Lascombs F, Harrison PL, Struxiano A,
Mondesir JM, Ribeiro RC, Sandlund JT, Rivera GK, Evans
WE, Mahmoud HH (1997) Urate oxidase in prevention and
treatment of hyperuricemia associated with lymphoid malig-
nancies. Leukemia 11:1813

46. Mahmoud HH, Leverger G, Patte C, Harvey E, Lascombes F
(1998) Advances in the management of malignancy associated
hyperuricemia. Br J Cancer 77:18

47. Patte C, Sakiroglu O, Sommelet D (2001) European experience
in the treatment of hyperuricemia. Semin Hematol 38:9

48. Pui CH (2001) Urate oxidase in the prophylaxis of hyperuri-
cemia: the United States experience. Semin Hematol 38:13

192


