
A76-year-old man presented to the emer-
gency department with a three-week
history of nausea, vomiting, diarrhea

and decreased appetite. He had lost 13.6 kg dur-
ing this period. He denied any fevers or sweats.
He had a left shoulder replacement three months
before presentation and subsequently noticed
decreased energy. He had also experienced mild
epigastric pain during the 24 hours before pre-
senting to hospital.

His medical history included hemochromatosis
complicated by arthritis and diabetes requiring
insulin treatment. His last phlebotomy was three
years earlier. Regular follow-up with iron studies
did not indicate the need for further phlebotomies.
His history also included class III chronic kidney
disease, hypertension, dyslipidemia and erectile
dysfunction. He had a 30 pack-year smoking his-
tory and had quit 12 years earlier. His medications
included acitretin, omeprazole, amlodipine, cele-
coxib, candesartan, levemir, salbutamol, inda-
pamide, atorvastatin and testosterone.

Physical examination revealed stable vital
signs, flat jugular venous pressure and hepato -
megaly. The patient did not have any palpable
lymphadenopathy or splenomegaly. The rest of
his examination was unremarkable.

We suspected that the patient might be in a
hyperglycemic hyperosmolar state because his ini-
tial glucometer reading was high (indicating a
blood glucose level above 30 mmol/L). Further
investigations including serum calcium, phosphate,
magnesium, liver enzymes and renal function tests
were completed. The results of these tests (Table 1)
were not consistent with our presumptive diagnosis
of a hyperglycemic hyperosmolar state. The most
impressive findings were the severely elevated lac-
tate dehydrogenase level, hypocalcemia, hyper-
phosphatemia and hyperkalemia. This was quickly
recognized as tissue breakdown, possibly sponta-
neous tumour lysis syndrome.

We initially gave the patient intravenous flu-
ids and insulin, and calcium gluconate was
added for the hyperkalemia. Because the labora-
tory findings were suggestive of possible tumour
lysis syndrome, the patient was started on allo -

purinol. Computed tomography of his abdomen
showed a large hepatic mass (Figure 1). Over the
next few hours, asterixis, confusion and anuria
with persistent hyperkalemia developed. The
patient underwent dialysis without any fluid
removal. Two hours after dialysis, profound
shock requiring vasopressors developed. He was
transferred to the intensive care unit but died
within hours.

The autopsy showed a tumour measuring
19.2 × 11.0 × 8.0 cm in the right hepatic lobe
occupying about 40% of the total liver volume
and with extension into the portal vein (Figure 2,
Appendix 1, available at www.cmaj. ca /lookup
/suppl /doi:10.1503/cmaj.111251/-/DC1). On
microscopic examination, the tumour was a mod-
erately differentiated hepatocellular carcinoma
with extensive necrosis (Figure 3, Appendix 2,
available at www.cmaj. ca /lookup /suppl /doi :10
.1503 /cmaj.111251/-/DC1). The background liver
contained micronodular steatosis as well as focal
bridging fibrosis. There was no evidence of iron
deposition in the liver.

The kidneys showed features consistent with
diabetic nephropathy. Evaluation for acute tubu-
lar injury was not possible because of substantial
artifacts from autolysis.

Discussion

Tumour lysis syndrome is a collection of meta-
bolic and electrolyte disturbances that can be
observed during the destruction of tumour cells.
High cellular proliferation and turnover result in
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• Tumour lysis syndrome occurs most commonly following treatment of a
malignancy; however, it can occur spontaneously and must be
recognized early to start appropriate treatment.

• This diagnosis should be considered if the electrolyte criteria for the
syndrome are met, even in the absence of a previous diagnosis of
malignant disease.

• Risk factors include bulky disease and high sensitivity to chemotherapy
of a tumour, and renal impairment. 

• Untreated hepatocellular carcinoma can lead to tumour lysis. 
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hyperphosphatemia, hypocalcemia, hyperkalemia
and hyperuricemia. The often fatal consequences
of the release of the contents of tumour cells
include seizure, acute kidney injury and cardiac
arrhythmia.1

Diagnosis
Cairo and Bishop proposed laboratory and clinical
criteria (Box 1) for tumour lysis syndrome.2 To
fulfill the diagnosis, at least two laboratory criteria
must be present for three days before treatment or
up to seven days after treatment. A clinical diag-
nosis consists of one clinical symptom in addition
to two laboratory criteria. Our patient met the
clinical diagnosis of tumour lysis syndrome based
on his hyperphosphatemia, hyperuricemia, hyper-
kalemia and acute renal failure.

Risk stratification
Tumour lysis syndrome is well established in
association with hematologic malignant diseases,
specifically acute leukemia and non-Hodgkin
lymphoma.3 The incidence of tumour lysis in the
treatment of hematologic malignant disease is
between 4%–42%,3 although the incidence
appears to be decreasing with the use of preven-
tive measures.4 Although it is more commonly
seen after treatment, the spontaneous form of
this syndrome has been reported mostly among
patients with hematologic malignant diseases.5

The prevalence of spontaneous tumour lysis in
patients with solid tumours is harder to ascertain
because it is based primarily on case reports.

Most guidelines indicate that the risk of
tumour lysis is based on two factors.3,4,6 First, the
risk is related to the malignancy itself. Increased
size of the cancer mass and involvement of other
organs and bone marrow increase the risk. The
cell lysis potential of the cancer, including the
proliferative ability and chemosensitivity of the
tumour, also poses a risk for tumour lysis. For
example, highly proliferative malignant diseases,
such as Burkitt lymphoma and acute lym-
phoblastic lymphoma, are associated with a high
risk of tumour lysis. Second, patient factors such
as dehydration and renal failure make the clear-
ance of intracellular metabolites more difficult,
thus increasing the risk of tumour lysis.

An expert consensus panel has recommended
that patients with acute leukemia and aggressive
lymphomas, such as Burkitt lymphoma, be con-
sidered at least at intermediate risk for tumour
lysis syndrome.6 These patients can be classified
as high risk if they have bulky disease, a highly
elevated leukocyte count on presentation or renal
involvement. In a retrospective analysis involv-
ing patients with proven hematologic malignant
disease and acute renal failure, the rate of spon-
taneous tumour lysis syndrome was 1.08%.7

The consensus guidelines indicate that all solid
tumours are low risk for lysis, unless the disease is
bulky or highly sensitive to chemotherapy, in
which case the tumour should be classified as
intermediate risk. If the patient has risk factors
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Table 1: Results of laboratory investigations 

Description Result Units Reference range 

Leukocyte count 13.6 109/L 3.0–10.5 

Hemoglobin 121 g/L 130–170 

Hematocrit 0.391  0.38–0.50 

Mean corpuscular 
volume 

102.5 fL 80.0–100.0 

Platelets 194 109/L 125–400 

Neutrophils 11 109/L 2.0–7.5 

Lymphocytes 1.4 109/L 1.0–4.0 

Monocytes 1.1 109/L 0.1–1.0 

Eosinophils 0.1 109/L 0.0–0.5 

Basophils 0 109/L 0.0–0.1 

Sodium 132 mmol/L 136–145 

Potassium 6.9 mmol/L 3.5–5.1 

Chloride 98 mmol/L 98–107 

Carbon dioxide 17 mmol/L 21–32 

Anion gap 17 mmol/L 5–12 

Glucose 24.5 mmol/L 3.8–11 

Urea 37.4 mmol/L 2.1–8.0 

Creatinine 363 µmol/L 62–106 

Ketones Negative   

Phosphorus 2.97 mmol/L 0.81–1.58 

Calcium 1.93 mmol/L 2.20–2.52 

Magnesium  1.07 mmol/L 0.74–1.03 

Albumin 30 g/L 34–46 

Total bilirubin 22 µmol/L 3–17 

Alanine 
aminotransferase 

387 U/L 17–63 

Aspartate 
aminotransferase 

8284 U/L 15–37 

Gamma-
glutamyltransferase 

444 U/L 15–85 

Alkaline phosphatase 170 U/L 50–136 

Lactate 
dehydrogenase 

> 6000 U/L 100–190 

Creatine kinase 704 U/L 20–215 

Osmolality 346 mmol/k 280–295 

Troponin I 0.28 µg/L < 0.04

Uric acid 971 µmol/L 208–428 

Lactic acid 2.8 mmol/L 0.5–2.2 

Venous gas    

   pH 7.27  7.31–7.41 

   PCO2 36 mm Hg 41–51 

   HCO3 17 mmol/L 18–23 



similar to those of other hematologic malignan-
cies, including chronic renal insufficiency, olig-
uria, dehydration or hypotension, the patient may
potentially be at high risk of this syndrome.

Evidence of tumour lysis syndrome in solid
tumours is restricted to case reports and small
case series because the risk of this syndrome in

these patients is generally low.6 There is, how-
ever, a growing number of reported cases of
tumour lysis syndrome in such patients after the
initiation of treatment, including corticosteroids,
radiation and chemotherapy.8–11 Although it occurs
rarely, this syndrome can also be spontaneous in
patients with solid tumours, including, but not
limited to, gastric, lung and breast cancer.12–15

There is limited information about tumour
lysis syndrome and malignant involvement of the
liver. Tumour lysis has been documented in
patients with hepatocellular carcinoma after treat-
ment with sorafenib16,17 and transarterial chemo -
embolization.18,19 One case report identified spon-
taneous tumour lysis syndrome in hepato cellular
carcinoma, specifically in a patient who did not
receive chemotherapy because of advanced stage
of disease.12

Prevention
The mainstay of prevention of tumour lysis syn-
drome consists of hydration. Intravenous hydra-
tion promotes the excretion of uric acid and
other metabolites that lead to this syndrome. It is
important to recognize dehydration as a risk fac-
tor so that prompt fluid resuscitation can be
started. Allopurinol further prevents its develop-
ment by inhibiting xanthine oxidase, the enzyme
responsible for the formation of uric acid from
xanthine. Consensus guidelines recommend that
patients at low and intermediate risk of tumour
lysis syndrome should be monitored closely and
treated with rehydration and allopurinol to pre-
vent its development.6 Patients at high risk are
recommended to receive rasburicase prophylacti-
cally because it is the only agent currently avail-
able to reduce the level of uric acid in the blood.6

Management
Hydration and rasburicase, which catalyzes the
conversion of uric acid to a more stable metabo-
lite that can be readily excreted, are equally
important in the management of tumour lysis
syndrome, with special attention to addressing
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Figure 1: Large lobulated mass occupying the right
lobe of the liver. The yellow cross indicates the
largest tumour (123 mm diameter).

Figure 2: Coronal section of the liver. The main
tumour mass (19.2 × 11.0 × 8.0 cm) involved most of
the right hepatic lobe (outlined). Satellite nodules
(0.1–0.5 cm) were present in the left lobe (arrows).

Figure 3: Microscopic image of the tumour. The
tumour was a moderately differentiated hepatocellu-
lar carcinoma. It had extensive areas of necrosis
(arrows) and diffusely infiltrated the liver parenchyma
(hematoxylin and eosin stain, 2 × magnification).

Box 1: Cairo–Bishop diagnostic criteria for tumour lysis syndrome2

Laboratory criteria

• Uric acid ≥ 476 µmol/mL or a 25% increase from baseline

• Phosphorus ≥ 1.45 mmol/L or a 25% increase from baseline

• Potassium ≥ 6.0 mmol/L or a 25% increase from baseline

• Corrected calcium ≤ 1.75 mmol/L or a 25% decrease from baseline

Clinical criteria*

• Creatinine ≥ 1.5 times the upper limit of normal
• Cardiac arrhythmia or sudden death

• Seizure

*May not be directly related to a therapeutic agent.



the potentially fatal electrolyte imbalances
observed in the syndrome. Hyperkalemia should
be monitored closely and treated with insulin,
glucose and calcium gluconate,4 as per estab-
lished protocols.20 Hemodialysis should be con-
sidered for refractory hyperkalemia, especially in
the setting of oliguria. The rapid accumulation of
potassium in the setting of oliguria and the poten-
tial for hypocalcemia from the hyperphos-
phatemia are two reasons why a lower threshold
for starting dialysis in these patients has been
suggested.4

Our patient underwent aggressive fluid resus-
citation and was given insulin, glucose and cal-
cium gluconate for his hyperkalemia. Unfortu-
nately, oliguria and refractory hyperkalemia
quickly developed, requiring dialysis. The
patient’s condition deteriorated shortly after dial-
ysis, presumably from a large cytokine surge,
and he ultimately died.

Recognition and early treatment
Tumour lysis syndrome is potentially fatal, thus
it is imperative that clinicians recognize the con-
stellation of laboratory and clinical findings that
suggest the diagnosis. In initial studies, the inci-
dence of life-threatening complications from
tumour lysis syndrome was as high as 13% in
patients with hematologic malignancies.3

Another study showed that the rate of death was
one in three among patients who developed
tumour lysis syndrome following treatment of a
solid malignancy.21

The findings of the laboratory features of
tumour lysis syndrome, including hyper-
uricemia, hyperphosphatemia, hyperkalemia and
hypocalcemia, should prompt the search for an
underlying malignancy. In our patient, the pres-
ence of hepatomegaly on examination, particu-
larly in the context of suspected tumour lysis
syndrome, was the impetus to order computed
tomography of his abdomen, which revealed a
large hepatic mass. Even without pathologic con-
firmation of underlying malignant disease, cer-
tain risk factors for tumour lysis syndrome,
including bulky disease, dehydration and renal
failure, can help to validate the diagnosis and
ensure that adequate treatment is started early.

Our patient had many risk factors for tumour
lysis syndrome, including bulky disease greater
than 10 cm and pre-existing renal compromise.1

Extensive tumour necrosis, as seen on autopsy,
supported our clinical diagnosis. Although our
patient’s hemochromatosis was under good con-
trol clinically and as shown by the absence of iron
deposits in the liver parenchyma, this condition
may have been the factor that predisposed him to
hepatocellular carcinoma. The bridging fibrosis

seen in the background liver tissue on autopsy was
in keeping with long-standing parenchymal injury.

Acute kidney injury and dramatic electrolyte
imbalances should prompt consideration of sponta-
neous tumour lysis syndrome, even in the absence
of a previous diagnosis of malignant disease. Quick
initiation of appropriate treatment is essential.
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