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Tumor lysis syndrome (TLS) represents a constellation of laboratory and clinical

derangements that can occur following treatment of malignancies with high cellular
turnover. Most commonly noted in hematologic malignancies, TLS has been reported to
occur following liver-directed therapy in the form of both ablative therapies and
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transarterial therapies. Classification schemes exist, as do established diagnostic
criteria, to aid in the definitive diagnosis of TLS. In addition, treatment algorithms
are reported for patients with the diagnosis of TLS. This manuscript will review the risk

= tumor lysis syndrome factors associated with the development of TLS, the diagnostic criteria used, and

= complications
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Objectives: Upon completion of this article, the reader will be
able to describe the pathophysiology, risk factors, diagnosis,
and treatment of tumor lysis syndrome.
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Tumor lysis syndrome (TLS) is an oncological emergency
caused by the sudden and rapid destruction of proliferating
neoplastic cells resulting in significant electrolyte and metabolite
imbalance, which if left unchecked can lead to multiorgan failure
and possibly patient demise.! The syndrome is characterized by
laboratory and clinical derangements resulting from the release
of lysed cellular contents into the surrounding organ system and
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treatment and preventative strategies employed. In addition, an algorithm for the
diagnosis and treatment of TLS will be provided.

eventually the systemic circulation. If severe enough, TLS can
lead to acute renal failure, cardiac dysrhythmias, seizures, and
ultimately death.? Malignancies with high proliferative rate,
large tumor burden, and/or high sensitivity to cytotoxic therapy
have a higher association with tumor lysis. TLS is most com-
monly observed in patients with hematological malignancies
such as lymphoma and leukemia, particularly after initiation of
chemotherapy, or can sometimes occur spontaneously without
therapy.* A variety of therapeutic interventions can lead to TLS
including chemotherapy, radiation therapy, surgery, immuno-
therapy, hormonal therapy, and chemoembolization. Successful
management of TLS depends on prophylactic treatment based
on risk stratification as well as early detection and aggressive
intervention when necessary.! While the incidence is much less
common in solid tumors, TLS has been reported in case reports
and small case series, and can specifically occur after locore-
gional therapies for primary hepatic malignancies, as noted
in ~Table 1.°

Pathophysiology

TLS can develop spontaneously from rapid tumor cell death,
or more commonly it can occur soon after the delivery of
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Table 1 Cases of tumor lysis syndrome and primary hepatic malignancy5'9'23'33
Author Year Patient Diagnosis TLS etiology LTLS CTLS
Burney?> 1998 44 M HCC TACE - ARF, D
Burney®3 1998 46 M HCC TACE - ARF
Sakamoto et al?® 2007 55 M HCC TACE LDH,? UA, K, Ca ARF, D
Shiba et al?’ 2008 77 M HCC TACE LDH UA Phos ARF
Hsieh et al® 2009 79F HCC TACE UA, K, Ca ARF, D
Hsieh et al® 2009 56 M HCC TACE UA, Phos, Ca ARF
Wang and Chen3* 2010 54 F HCCP TACE LDH UA K Phos Ca ARF
Chao and Chiang° 2012 51M HCC TACE LDH, UA, K, Ca ARF
Nishida et al*! 2013 70M HCC TACE - ARF
Lehner et al® 2004 64 M HCC RFA LDH, K, Phos, Ca ARFCAD
Shiozawa et al®® 2010 79 F HCC Sorafenib LDH, UA ARF
Huang and Yang?® 2009 55 M HCC Sorafenib UA, K, Phos ARF, D
Lee et al®® 2004 62 M HCC Thalidomide LDH UA K Phos Ca ARF CAD
Kekre et al?3 2012 76 M HCC Spontaneous LDH, UA, K, Phos ARF, D
Vaisban et al?* 2003 72M HCC Spontaneous LDH, UA, Phos ARF, D
Ali et al?? 2014 66 M Cholangio Ca Spontaneous LDH, UA, K, Ca ARF, D

Abbreviations: ARF, acute renal failure; Ca, calcium (hypocalcemia); CA, cardiac arrhythmia; Cholangio, cholangiocarcinoma; CTLS, clinical tumor lysis
syndrome; D, death; F, female; HCC, hepatocellular carcinoma; K, potassium (hyperkalemia); LDH, lactate dehydrogenase; LTLS, laboratory tumor lysis
syndrome; M, male; Phos, phosphorus (hyperphosphatemia); RFA, radiofrequency ablation; TACE, transarterial chemoembolization; UA, uric acid

(hyperuricemia).

“While not classified as a marker of LTLS based on the Cairo-Bishop classification, LDH is often used as a marker of high cellular turnover and indirectly a

nonspecific marker for risk of TLS.

PHCC in this case was well-differentiated HCC with neuroendocrine features.

cytotoxic therapy. As tumor cells lyse, cellular contents are
released into the host organs. However, extensive damage
occurs as electrolytes and metabolic products become sys-
temic and overwhelm the body’s homeostatic mechanisms,
ultimately resulting in multiorgan failure.>*” Due to this
release of cellular contents, TLS is characterized by hyper-
kalemia, hyperphosphatemia, hypocalcemia, and hyperurice-
mia.® This combination of electrolyte derangement and the
rapidity with which it occurs is what induces the clinical
spectrum of the lysis syndrome described below.
Additionally, the cellular destruction and efflux of contents
results in release of cytokines, which in turn cause a systemic
inflammatory response syndrome, further contributing to
multiorgan failure.®

An elevated concentration of uric acid is the most fre-
quently recognized manifestation of TLS and often predis-
poses to many of the clinical derangements. Hyperuricemia
results from the rapid release of intracellular deoxynucleic
acids (DNA), which is subsequently metabolized to different
purine and pyrimidine products.’ The catabolic pathway of
purines (adenine and guanine) leads to the formation of
hypoxanthine and xanthine and, ultimately, to uric acid via
xanthine oxidase enzyme.' The accumulation of uric acid is
exacerbated by its low urinary excretion rate causing it to
linger in the body. Allantoin, on the other hand, is the
downstream byproduct of uric acid and is readily excreted
in the urine due to its greater solubility.’
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Hyperuricemia can lead to the precipitation of uric acid
crystals in the renal collecting tubules, which can result in
obstructive nephropathy.? Additionally, elevated uric acid can
cause inflammation, renal vasoconstriction, impaired autor-
egulation, and decreased renal blood flow.® The available
therapies used to treat hyperuricemia are allopurinol and
rasburicase. Allopurinol is a purine analog that inhibits
xanthine oxidase and prevents oxidation of hypoxanthine
to xanthine, ultimately reducing the production of uric acid.
Rasburicase is a recombinant uric oxidase that lowers the uric
acid level by converting it to allantoin, which is more soluble
and better excreted by the kidneys.

Potassium and phosphate are two highly concentrated
intracellular ions in normal cells that can have severe
deleterious effects on the body when released into the
bloodstream in large quantities. In TLS, hyperkalemia usually
occurs when the kidneys are unable to clear the massive
potassium load generated from the lysed tumor cells. Hyper-
kalemia has multiple adverse effects including muscle weak-
ness, cramps, paresthesias, and potentially paralysis.'® Most
importantly, hyperkalemia can result in cardiac dysrhythmias
including ventricular tachycardia, ventricular fibrillation, and
ultimately asystole.'® Similar to potassium, malignant cells
may contain increased phosphate concentration (as much as
four times the amount within a normal cell). Tumor cell death
can therefore lead to a large and rapid release of intracellular
phosphate.! Increased phosphate concentration in the blood
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will then lead to increased calcium binding, and as a result
calcium phosphate precipitates within the blood and kidneys.
In turn, hyperphosphatemia will cause hypocalcemia and
further exacerbate renal insufficiency as calcium phosphate
precipitates in the renal tubules, exacerbating the obstructive
uropathy. Other clinical manifestations of hyperphosphate-
mia and hypocalcemia include muscle cramping, tetany,
seizure, and cardiac dysrhythmias.?

Maintaining renal function is of utmost importance in
successfully treating TLS, since renal excretion is the primary
means of clearing uric acid, potassium, and phosphate. When
functioning properly, clinical complications of TLS are less
likely to develop. Renal impairment may result from the uric
acid crystal nephropathy or calcium-phosphate crystal neph-
rocalcinosis, or a combination of both, and may secondarily
lead to urinary acidosis and acute obstructive uropathy.!’
This can lead to acute renal failure with concomitant
increases in blood urea nitrogen (BUN) and creatinine lev-
els.""12 If renal function rapidly declines, the patient may
experience acute shortness of breath due to pulmonary
edema, hypertension, uremia, congestive heart failure, and
worsening metabolic derangement.'""'2

Classification

Identifying and grading TLS requires a comprehensive analysis of
each patient individually, taking into account both the metabolic
abnormalities and clinical manifestations. A classification system
first developed by Hande and Garrow,'? and later modified by
Cairo and Bishop,'* is now utilized, and categorizes TLS based on
laboratory values and clinical status. Laboratory TLS (LTLS) and
clinical TLS (CTLS) are the two main categories in this system
(=Tables 2 and 3). Under the Cairo-Bishop definition, LTLS is
considered to be present if two or more abnormal serum values
(uric acid, potassium, phosphate, or calcium) are identified to be
above or below normal ranges, or if they change by 25% within
3 days before or 7 days after the initiation of treatment.'* CTLS is
defined as the presence of one or more clinical criteria that are
not believed to be attributable to a therapeutic agent (chemo-
therapy, radiation therapy), and includes renal insufficiency,
cardiac dysrhythmias, seizures, and/or sudden death.'® Under

Table 2 Cairo-Bishop definition of tumor lysis syndrome

this classification system, LTLS is considered either present or
absent, while the CTLS is defined by the maximal grade of each
clinical manifestation.'* When LTLS is clinically silent, it should
be regarded as a sign of potential risk for developing CTLS.

Incidence

High-grade lymphoproliferative malignancies comprise the
vast majority of TLS cases, particularly non-Hodgkin lympho-
ma, Burkitt lymphoma, acute lymphoblastic lymphoma, and
acute myelogenous leukemia.' "7 The incidence of TLS in the
treatment of hematologic malignant disease is 4 to 42%,'’
although the rate decreases with the use of preventive
measures.®

While much less common, TLS can occur in patients with
solid cancers, either spontaneously or following therapy. It is
thought that solid tumors are less affected by TLS because
they are relatively resistant to cytotoxic therapies. For this
reason, the diagnosis of TLS is often unsuspected and thus can
lead to higher morbidity and mortality.>® The prevalence of
TLS in patients with solid tumors is difficult to ascertain
because it is based primarily on case reports and small case
series. Mirrakhimov et al® presented a review of the literature
onTLS occurrence in solid tumors from 1950 to 2014, dividing
the review by solid tumor types including pulmonary, breast,
gynecological, gastrointestinal, neurological, and sarcoma-
tous tumors. The majority of publications comprised case
reports, with total patient numbers for each organ system-
based tumors ranging from under 10 to 30 reports in the
literature.

Risk Factors

The risk of developing TLS is based on two factors: the type of
malignancy and patient characteristics.® 141718 First, malig-
nancy-related factors revolve around the tumor cell burden
and the rate of cellular proliferation and turnover. Large-sized
masses, the presence of metastases, rapid tumor prolifera-
tion, and sensitivity to therapy can predispose the patient to
developing lysis syndrome.'® Second, predisposing patient
characteristics include preexisting renal insufficiency,

Laboratory tumor lysis syndrome

Uric acid >8 mg/dL or 25% increase from baseline
Potassium >6 mEq/L or 25% increase from baseline
Phosphorous >4.5 mg/dL or 25% increase from baseline
Calcium <7 mg/dL or 25% decrease from baseline

Clinical tumor lysis syndrome

1.

Creatinine > 1.5x ULN

2.

Cardiac dysrhythmia/sudden death

3.

Seizure

Abbreviation: ULN, upper limit of normal.

Source: Adapted from Wilson and Berns.'?
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Seizure(s) well
controlled by

Infrequent focal
interfering with

activities of
daily living

Grade 0 | Grade | Grade Il Grade Il Grade IV Grade V
LTLS - + + + + +
Creatinine | Normal 1.5x ULN > 1.5-3.0x ULN > 3.0-6.0x ULN > 6.0x ULN Death
Cardiac None Intervention Nonurgent medical | Symptomatic and Life-threatening Death
arrhythmia not indicated | intervention incompletely (arrhythmia associated
indicated controlled with CHF,
medically or hypotension,
controlled with syncope, shock)
device (defibrillator)
Seizure None - One brief Seizure in which Seizure of any None

generalized seizure;

anticonvulsants, or

motor seizures not

consciousness kind which is
is altered prolonged,
Poorly repetitive,
controlled seizure or difficult to
disorder control (status
Breakthrough epilepticus,
generalized seizures | intractable
despite medical epilepsy)

intervention

Abbreviations: CHF, congestive heart failure; LTLS, laboratory tumor lysis; ULN, upper limits of normal.

dehydration, exposure to nephrotoxic substances, and base-
line metabolic derangements, particularly elevations in uric
acid or phosphorous.®' Increased lactate dehydrogenase
(LDH) levels are a nonspecific marker of cell turnover, and
have been used to try and identify patients susceptible to TLS
prior to therapy.6

In 2010, an expert consensus panel on TLS developed
guidelines for risk stratification and associated TLS prophy-
laxis recommendations.'® A decision tree was developed to
assign low-, intermediate-, and high-risk categories to pa-
tients with cancer at risk for TLS. Factors integrated include
tumor bulk and stage, and biological evidence of laboratory
abnormalities and/or renal impairment.’® Nearly all the
recommended intermediate- and high-risk scenarios were
slated for hematological malignancies. The guidelines indi-
cate that all solid tumors are regarded as “low-risk” for lysis,
unless the disease is bulky or highly sensitive to chemother-
apy, in which case the tumor is classified as intermediate risk.
If in addition the patient has risk factors of severe renal
insufficiency, oliguria, dehydration, or hypotension, the pa-
tient may be potentially stratified as high risk for TLS. The
prophylactic recommendations for both low- and intermedi-
ate-risk include monitoring and hydration, with allopurinol
administration optional for low-risk disease and recom-
mended for intermediate-risk disease. As for high-risk dis-
ease, prophylactic rasburicase is recommended in place of
allopurinol.

Management

The most important aspect of management is identifying
patients at risk for developing TLS so that prophylactic
measures may be implemented before the initiation of
therapy. Most clinical manifestations can be managed
when recognized early; delay in recognition and treatment
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of TLS complications can be potentially life threatening.
Serum levels of creatinine, BUN, potassium, calcium, phos-
phorous, LDH, and uric acid levels should be determined
prior to therapy and then serially drawn over the first few
days after initiation of tumor therapy. Additionally, pa-
tients should have a baseline electrocardiogram for com-
parison, with continuous cardiac monitoring while therapy
is administered. Before the initiation of therapy, attempts
should be made to correct dehydration, fluid overload, and
electrolyte abnormalities as well as establish adequate
urinary output.

The three main principles in treating TLS include hydra-
tion, correction of metabolic abnormalities, and treatment of
acute renal failure.>~*7 In high-risk patients without a known
contraindication (e.g., congestive heart failure), aggressive
fluid administration is a fundamental strategy in the preven-
tion and treatment of TLS.""-'? Ideally, when a risk for TLS is
suspected, these patients should receive intravenous hydra-
tion 24 to 48 hours prior to initiating tumor therapy. This
serum volume expansion promotes increased renal perfu-
sion, glomerular filtration rate, and urine output, as well as
minimizing urinary acidosis, ultimately decreasing the con-
centrations of solutes in the renal tubules and reducing the
likelihood of precipitation.®'” Hydration is the preferred
method of increasing urine output, but diuretics may also
be necessary.? The use of sodium bicarbonate to alkalinize the
urine to promote excretion of uric acid has been traditionally
recommended for prevention and management of TLS.?
However, the use of sodium bicarbonate to alkalinize the
urine is not currently recommended due to a lack of evidence
of benefit and due to potential complications including
metabolic alkalosis and further worsening of calcium phos-
phate precipitation.'®

An important therapy in the treatment of TLS includes the
reduction of uric acid within the blood. While both
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allopurinol and rasburicase are the main hypouricemic
agents used for TLS, they differ in their mechanisms of action
and therapeutic strategy. Allopurinol is a potent inhibitor of
xanthine oxidase, and blocks the conversion of xanthine and
hypoxanthine (catabolic products of purine DNA) to uric acid
(citation). Oral or intravenous allopurinol needs to be initiat-
ed a few days prior to initiation of cytotoxic therapy, because
it only prevents new uric acid formation and does not reduce
the amount of uric acid already present. Rasburicase, a
recombinant urate oxidase, is a newer therapy, and as op-
posed to inhibiting uric acid formation, promotes the break-
down of uric acid into allantoin via the uric acid oxidase
enzyme.?' Allantoin is 5 to 10 times more soluble in the urine
than uric acid, and as such, a favorable byproduct of uric acid.
In leukemia patients with TLS and requiring rasburicase, a
median of three daily doses were administered in the pub-
lished North American compassionate use trial.?2 Of note,
patients with glucose-6-phosphate dehydrogenase deficien-
cy (a rare genetic defect) should avoid rasburicase because
hydrogen peroxide, a breakdown product of uric acid, can
cause methemoglobinemia and, in severe cases, lead to
hemolytic anemia.®® Patients at high risk for TLS are recom-
mended to receive rasburicase prophylactically because it is
the only agent currently available to reduce the level of uric
acid in the blood.'®

Once TLS occurs, electrolyte and acid-base abnormalities
may need to be corrected. Hyperkalemia is a dangerous
component of TLS as it can cause sudden death due to cardiac
dysrhythmia. The serum potassium level should be moni-
tored closely (every 4- 6 hours), along with continuous
cardiac monitoring, and possibly treated per established
protocols with glucose plus insulin to induce cellular uptake
of potassium, and with calcium gluconate to reduce the risk of
dysrhythmia.'® Hemodialysis and hemofiltration should be
considered for refractory hyperkalemia, especially in the
setting of oliguria.®'® While lacking proven efficacy, the
use of oral phosphate binders such as aluminum salts or
sevelamer for treating hyperphosphatemia is optional and is
often administered for established TLS.2 A potential role for
controlling the serum phosphorus level is to prevent hypo-
calcemia, although treatment of asymptomatic hypocalcemia
is generally not recommended. If symptomatic hypocalcemia
is present, intravenous calcium gluconate (50-100 mg/kg per
dose) may be administered to correct the clinical symptoms
(e.g., neuromuscular irritability, paresthesias, petechiae).'
However, administration of IV calcium must be weighed
against the risk of increasing calcium phosphate deposition
and causing or worsening acute obstructive uropathy.

In patients with persistent or worsening obstructive ne-
phropathy leading to acute renal failure, or those with
significant uremia or severe electrolyte abnormalities, hemo-
dialysis should be initiated.!” Continuous hemofiltration can
be used for those patients with fluid overload and TLS
requiring hemodialysis.! A delay in initiating hemodialysis
for acute renal failure may turn a potentially reversible
clinical situation into an irreversible one.'*

Successful management and treatment of TLS is highly
dependent on anticipation and prevention in at-risk patients,

followed by early recognition and prompt treatment of the
clinical signs and symptoms. Establishing vascular access and
initiating prophylactic measures, especially hydration and
possibly administering allopurinol or rasburicase, are vital.
Early recognition of metabolic abnormalities usually prevents
any severe or life-threatening complications associated with
TLS. Patients at low to intermediate risk for TLS can be
managed with hydration, allopurinol, and close monitoring.
Patients with high risk or clinically established TLS should be
managed with aggressive hydration, rasburicase, and possibly
with hemodialysis.

Tumor Lysis Syndrome in Primary Liver
Malignancy

TLS has been reported in several different solid tumor types,
including hepatocellular carcinoma (HCC) and cholangiocarci-
noma. There are 13 published reports of primary hepatic
malignancy presenting with TLS and acute kidney
injury>>2733 (see ~Table 1), not including 2 publications of
pediatric hepatoblastoma®; 12 of these publications are of HCC
and 1 is of cholangiocarcinoma.>? TLS may occur spontaneously,
as occurred in the case of cholangiocarcinoma,? or it may occur
after various treatments of HCC including sorafenib,?®%° oral
thalidomide,? radiofrequency ablation (RFA), and transarterial
chemoembolization (TACE).>23-26:27:303134 \When reported,
most cases of TLS occurring after TACE or RFA had an onset
within 72 hours of the locoregional therapy, with the longest
interval to onset of TLS being 5 days.?>>* The TLS-related
mortality in primary hepatic malignancy from these cases is
56% (9 of 16 reported patients), with 40% of patients treated in
this cohort with locoregional therapy resulting in death.

For solid liver malignancies, the risk factors for developing
TLS include large hepatic tumor burden, rapid expansion or
infiltration, and large areas of tumor necrosis.® Except for the
single case of RFA-induced TLS, all the cases of primary
hepatic malignancy leading to TLS had large index tumor
size (more than 5 cm) and many had areas of tumor necrosis.
When such high-risk patients are encountered, intensive and
persistent monitoring of the patients renal function and
serum potassium, uric acid, calcium, phosphate, and LDH
levels is important for early recognition of TLS. If initial
therapeutic measures are insufficient, further management
may be required, as was the case in Chao et al, where the
patient developed TLS post-TACE and was initially unrespon-
sive to hydration, allopurinol, and urine alkalinization, but
drastically improved after administering rasburicase.

The clinical presentation of TLS in a patient following TACE
can appear very similar to contrast-induced renal insufficiency,
as seen in the case report by Hsieh et al.® Oliguria is an early
clinical sign of both etiologies, leading to the initiation of
intravenous hydration and assessment of renal function. Assum-
ing the etiology as contrast-induced renal insufficiency is not
unreasonable given the much higher incidence than TLS, and in
most cases adequate hydration is sufficient to overcome either
complication. In the case by Hsieh et al, and typical for TLS, the
acute renal impairment did not improve with fluid resuscitation,
necessitating further investigation and identification of
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Neuromuscular abnormalities
Seizures
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Fig. 1 Algorithm for the diagnosis and treatment of tumor lysis syndrome in patients undergoing liver-directed therapy.

hyperuricemia, hyperkalemia, and hypocalcemia. In this patient,
oral allopurinol and urine alkalinization was initiated, and
combined with hemodialysis resulted in stabilization of renal
function and improved urine output.” Laboratory analysis can be
crucial in differentiating the two etiologies, particularly uric acid
and phosphate levels; this is crucial to diagnosing TLS early and
treating appropriately. As demonstrated in publications by
Burney et al and Hsieh et al, their first encounters with TLS
post-TACE were not anticipated and diagnosed late resulting in
the patients demise, while their second encounters with TLS
resulted in early detection and treatment with clinical improve-
ment.>?3 These cases, while few in number, demonstrate TLS as
a possible and potentially lethal complication of TACE for large
HCC.

As demonstrated, TLS is a rare complication of locore-
gional therapy and thus an easily neglected complication.
However, as the spectrum and stage of hepatic malignancy
treated by interventional oncology continues to expand, it is
important to be aware and anticipate the development of this
potentially devastating complication; interventionalists per-
forming liver-directed therapy should be informed on the
preventative and therapeutic approaches. =Fig. 1 represents
the authors’ algorithm for diagnosing and treating TLS in
patients undergoing transarterial therapies.

Summary

TLS is an oncological emergency and comprises a biochemical
derangement of cellular metabolism related to high cellular
proliferation and turnover, which can lead to acute renal

Seminars in Interventional Radiology ~ Vol. 32 No. 1/2015

impairment, cardiac rhythm disturbances, central nervous
system toxicity, and death due to multiorgan failure. Stratify-
ing cancer patients based on the risk of TLS is essential in
preventing this complication. Vigorous hydration and the use
of uric acid lowering agents are the mainstay of management.
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