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ABSTRACT

Background

Despite the prophylactic use of allopurinol, tumor lysis syndromes(TLS)- related morbidity and
mortality still occur in @ number of patients with acute myeloid leukemia (AML). The aim of this
study was: (i) to analyze the incidence and outcome,ofTLS“in a large series of patients with
AML receiving hyperhydration and allopurinol, (i) to,identify risk factors for TLS, and (iii) to
develop a prognostic scoring system for estimating individual risk of TLS.

Design and Methods

The study included 772 adult patients with"AML receiving induction chemotherapy between
1980 and 2002. TLS was divided into.laboratory TLS (LTLS) or clinical TLS (CTLS). The popula-
tion study was randomly divided.into training and test subsets, so that a prognostic model for
CTLS was developed in one set'and validated in the other.

Results

Overall, 130 patients (17%) developed TLS (5% CTLS and 12% LTLS). Unlike LTLS, CTLS was
associated with a higher rate of death from induction therapy. Multivariate analysis showed that
pretreatment serum‘lactate dehydrogenase (LDH) levels above laboratory normal values, crea-
tinine >1.4 mg/dl; uric acid >7.5 mg/dL and white blood cell (WBC) counts >25x10°/L were
independent risk factors for CTLS and LTLS. The scoring system, based on pretreatment WBC
counts, and uric acid and LDH serum levels, had excellent discrimination and was accurate for
predicting.CTLS and LTLS.

Conclusions

TLS is*frequently observed in AML patients during induction therapy. Only the development of
CTLS had an impact on higher mortality rate from induction therapy. The scoring system derived
from this study can be used to obtain an accurate estimate of the individual risk of TLS, allow-
ing for risk-adapted prophylaxis against this complication.
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Introduction

Tumor lysis syndrome (TLS) can be a life-threatening
complication during induction chemotherapy in patients
with acute leukemia. TLS is characterized by hyper-
uricemia, hyperkalemia, hyperphosphatemia, hypocal-
cemia and acute renal failure. These abnormalities may
occur spontaneously before the initiation of chemotherapy
due to increased catabolism and the turn-over of leukemic
cells,"® but more frequently TLS is induced by intensive
chemotherapy. Acute urate nephropathy is the main cause
of renal failure during TLS, but calcium phosphate precipi-
tation may also contribute to impaired renal function.’ The
standard management of TLS includes generous hyperhy-
dration, urine alkalinization and uric acid reduction with
allopurinol. Despite these measures, TLS-related morbidity
and mortality still occur in a sizeable proportion of patients
with hematologic malignancies.”” However, few studies on
TLS are focused on patients with acute myeloid leukemia
(AML), and the incidence and outcome of TLS in this pop-
ulation is not well defined.*” With the introduction into clin-
ical practice of new agents, such as recombinant urate oxi-
dase (rasburicase),"” for the prevention or treatment of TLS,
there has been an increased interest in defining the popula-
tion at high risk of TLS. As TLS is thought to be uncommon
in AML, risk factors for TLS have been extrapolated to AML
from studies performed in patients with lymphoid malig-
nancies.*'"”” Therefore, efforts to define the specific risk fae*
tors for TLS in patients with AML are required. We per-
formed a single-center retrospective chart review=study
with the aim of: (i) analyzing the incidence, characteristics
and outcome of TLS in a large series of patients with AML
homogeneously managed with hyperhydration“and allop-
urinol, (i) identifying risk factors for the development of
TLS in patients with AML, and (iii).developing a new, sim-
ple scoring system for routine clinical use, allowing for risk-
adapted management of this-eomplication.

Design and Methods

Patients

This study included all adult patients (>13 years) admit-
ted to a single institution with a diagnosis of AML and
treated with intensive chemotherapy between January
1980 and December 2002. The institutional review board
of La Fe University Hospital approved the study. Three
patients, who received rasburicase in the context of a clin-
ical trial between 2001 and 2002, were excluded from the
study. AML was diagnosed and classified according to the
French-American-British (FAB) criteria.” Differential blood
counts and biochemistry tests including levels of creatinine,
urea, calcium, phosphate, potassium and uric acid were
performed in all patients at diagnosis, on day 1 of
chemotherapy (baseline) and every 1-3 days during hospi-
talization for induction therapy.
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Data collection

Baseline blood and serum laboratory values were
prospectively collected. These included white blood cell
(WBC) count, platelet count, hemoglobin, glucose, creati-
nine, urea, calcium, phosphate, potassium, uric acid, lac-
tate dehydrogenase (LDH), glutamate oxaloacetate trans-
ferase (GOT), glutamate pyruvate transferase (GPT), total
bilirubin and fibrinogen levels, as well as prothrombin
time. Physical examination data on admission included
weight, height, performance status using Eastern
Cooperative Oncology Group (ECOG) criteria, hemor-
rhagic syndrome, fever and the presence of hepatomegaly,
splenomegaly or lymphadenopathy.

For the diagnosis of TLS, clinical records were retrospec-
tively reviewed by a single investigator (PM). The clinical
data examined included the following biochemical values
collected throughout hospitalization for induction therapy:
creatinine, urea, calcium corrected for total protein, phos-
phate, potassium and uric ‘acid+The development of olig-
uria or other complications- attributable to TLS and the
management of these complications were also assessed.

Chemotherapy_regimens

Induction ‘therapy consisted of the classic combination
of cytarabine and anthracycline with or without a third
agent(50%), cytarabine plus adriamycin and thioguanine
orwincristine (18%), monochemotherapy with anthracy-
cline with or without all-trans retinoic acid in patients with
acute promyelocytic leukemia (16%), high-dose cytara-
bine (8%), and other regimens (8%).

Management of TLS

Prophylaxis against TLS consisted of generous intra-
venous hydration (>2 L/m’ day) and oral allopurinol
(300-600 mg/day). The majority of patients (95%)
received prophylaxis with bicarbonate. Diuretics were
used for the management of fluid overload. Dialysis was
performed for the treatment of oliguric renal failure or life-
threatening metabolic disorders.

Definition of TLS

Laboratory TLS (LTLS) was defined as: (i) >25%
change from baseline values or the presence of serum
levels above normal laboratory values in any two or
more of the following parameters: potassium, uric acid,
phosphate and calcium; or (iii) serum levels above nor-
mal laboratory values (potassium >5 mEq/L, uric acid
>7.5 mg/dL, phosphate >5 mg/dL and calcium <8 mg/dL)
in at least one of the previously described parameters and
creatinine serum levels above 1.4 mg/dL (Table 1). For
patients with antecedent of chronic renal failure or
chronic hyperuricemia, >25% changes from baseline val-
ues of creatinine and uric acid, were required as criteria
for LTLS. These criteria had to be met within 3 days
before and 7 days after the initiation of chemotherapy in
the absence of any other recognizable cause.

Clinical TLS (CTLS) was defined as the presence of LTLS



TLS in patients with AML

Table 1. Definition and classification of TLS.

Table 2. Baseline characteristics of the AML patients studied.

LTLS (A)* Two or more of the following abnormalities:

Uric acid >7.5 mg/dL or 25% increase from baseline
Potassium >5 meq/L or 25% increase from baseline
Phosphate >5 mg/dL or 25% increase from baseline

Calcium <8 mg/dL or 25% decrease from baseline

Creatinine >1.4 mg/dL + >1 of the following abnormalities:
Uric acid >7.5 mg/dL

Potassium >5 meq/L

Phosphate >5 mg/dL

Calcium <8 mg/dL

LTLS (A) or (B) + one or more of the following clinical
complications:

Oliguria (urine output <800 mL/day)

Dialysis

Cardiac arrhythmia/sudden death
Electrocardiographic signs of hyperkalemia

Seizures

Tetany

LTLS (B)*

CTLS*

* These criteria must be met within 3 days before and 7 days after the initiation
of chemotherapy in the absence of any other recognizable cause. For patients with
antecedent of chronic renal failure or chronic hyperuricemia, >25% changes from
baseline values of creatinine and uric acid serum levels were required as

criteria /or LTLS. LTLS: laboratory tumor lysis syndrome; CTLS: clinical

tumor lysis syndrome.

and at least one of the following TLS-related complications
in the absence of any other recognizable cause: oliguric
renal failure (urine output <800 ml/day), hemodialysis,
electrocardiographic signs of hyperkalemia, cardiac
arrhythmia/sudden death, tetany or seizures.

Statistical analysis

For the univariate analysis, the continuous quantitative
variables were transformed into categoricaldntervals. The
prognostic value for each independent variable was ana-
lyzed using the ¥’ test and, when needéd; Yates’ correction
test."* We considered values of p<0.,03 to'be statistically sig-
nificant. Statistically significant-variables after univariate
analysis were included in the multivariate analysis, which
was performed using—a ‘stepwise logistic regression
model.” For the purposes'of multivariate analysis, groups
were divided using theé most significant cut-off points
obtained in the univariate analysis (Table 3). Binary co-
variates (i.e. age, sex and creatinine) were encoded as 0 and
1, and LDH serum levels and WBC count, for which three
risk categories were found, were encoded as 0, 1 and 2.
Co-variates were entered as interval-scaled variables for
the Cox proportional hazards regression analyses.'"®

To validate a predictive model for the prediction of the
development of CTLS, we randomly divided the 772
patients into training and test subsets containing 390 and
382 cases, respectively. A prognostic model was developed
in the training sample and validated in the test sample.

A multivariate analysis for CTLS was carried out in the
training sample. Using regression coefficients to weight
each selected co-variate, we obtained a categorical risk
score for routine clinical use. This scoring system was val-
idated in the test sample, using the Hosmer-Lemeshow
goodness-of-fit test to compare the observed and predict-

Total patients 772
Sex (M/F), n (%) 450/322 (58/42)
Median age, yr (range) 54 (14-80)
FAB subtype, n (%)
MO 21 (3)
M1 171 (22)
M2 159 (21)
M3 129 (17)
M4 116 (15)
M5 86 (11)
M6 48 (6)
M7 11(1)
Unclassified 31 (4)
Type of AML
De novo 663 (86)
Secondary 109 (14)
WBCx10°/L, n (%)
<25 504 (65)
25-75 139 (18)
>75 129 (17)
LDHXULN, n (%)
<1 239 (34)
1-4 379 (55)
>4 76 (11)
Uric acid (mg/dL),n (%)
<15 663 (91)
>75 69 (9)
Creatinine (mg/dL), n (%)
<14 698 (92)
>1.4 64 (8)

ULN: Upper laboratory normal values.

ed frequencies. A p value <0.05 indicated that the predict-
ed values did not fit the data.” Scoring model discrimina-
tion was assessed by using the area under the receiver
operating characteristic curve (AUC). AUC values 0.8-0.9
are considered excellent, and >0.9 outstanding.” The AUC
was calculated for the training sample, the test sample and
the total series. Sensitivity and specificity were calculated
for the consecutive cut-offs of the sum scores for the train-
ing sample, the test sample and the total series. The scor-
ing model discrimination for predicting the development
of LTLS was also tested, calculating the AUC for the train-
ing sample, the test sample and the total series.

All computations were performed using the 4F and LR
programs from the BMDP statistical library (BMDP
Statistical Software Inc, Los Angeles, CA, USA)."” The
BMDP special function RNDU was used for the random
assignment of cases for the training and test samples.

Results

Patients’ characteristics

We studied 772 consecutive adult patients diagnosed
with AML who received intensive chemotherapy. The
median age of the cohort was 54 years (range, 14-80
years). One hundred and nine patients (14%) had a diag-
nosis of secondary AML (60 with antecedent of myelodys-

haematologica | 2008; 93(1) | 69 |



R Montesinos et al.

Table 3. Prognostic factors for CTLS and LTLS in the total series.
Univariate analysis.

CTLS LTLS
p value p value
Characteristic n(%) n (%)
Overall 38/772 (5) 92/734 (12)
Age (years)
<50 9(3) 0.03* 34 (10) 0.11?
51-60 8(5) 16 (10)
61-70 13(7) 29 (16)
>70 8(10) 13(19)
Gender
Male 27 (6) 014 55 (13) 065
Female 11(3) 37(12)
Type of AML
De novo 31(5) 059 74 (12) 012
Secondary 7(6) 18 (18)
WBC (£10°/1)
<25 7(1) 20 (4)
25-75 8(6) <0.0001° 30(23)  <0.0001
>75 23 (18) 42 (40)
LDH (XULN) (n=694)
<1 1(1) 6(2)
1-4 21 (5) <0.0001° 57 (16)  <0.0001°
>4 14 (18) 23 (37)
Creatinine (mg/dL) (n=762)
<
st 20 <0.0001 00 <0.0001
>1.4 15(23) 32 (65)
Uric acid (mg/dL) (n=732)
<75 20 (3) 60 (9)
<0.0001 <0.0001
>7.5 17 (25) 31,(60)
FAB subtype
Other 22 (4) 51(9)
0.03 <0.0001
M4-M5 16 (8) 41(22)
Hepatosplenomegaly
No O~ 0001 3O 00
Yes 27 (14) 39 (23)
GOT (UI/L) (n=758)
<50 24 (4) 76 (12)
<0.0001 0.05
>50 12 (13) 16 (20)

'Age <60 years vs > 60 years, p=0.02,” age <60 years vs > 60 years, p=0.02,’
WBC 25-75 vs <25x10°/L, p=0.007; WBC >75 vs 25-75x10°/L, p=0.004," WBC
25-75 vs S25X10°/L, p<0.0001; WBC >75 vs 25-75 x10°/L, p=0.00S,” LDH 1-4
05 <1 X ULN, p=0.018; LDH >4 vs 1-4 X ULN, p<0.0001,° LDH 1-4 vs

<1 X ULN, p<0.0001; LDH >4 vs. 1-4 x ULN, p=0.0001. LTLS: laboratory
tumor lysis syndrome, CTLS: clinical tumor lysis syndrome. ULN: upper
laboratory normal values.

plastic or myeloproliferative syndromes, and 49 with
antecedent of other malignancies or treatment with leuke-
mogenic agents).

The median baseline serum creatinine, uric acid and
LDH levels were 1 mg/dL (range, 0.28-11.6 mg/dL), 4.2
mg/dL (range, 0.3-15.4 mg/dL) and 1.4x upper laboratory
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LTLS(n=92) CTLS(n=38)

mUric acid >7.5 mg/dL
and/or increase >25%

= Galcium <8 mg/dL
and/or decrease >25%

m Potassium >5mEq/L
and/or increase >25%

#Phosphate > 5mg/dL
and/or increase >25%

100+
80 1
901"
704
601
501
w0 1 4

LTLS(n=92)

CTLS(n=38)

m Uric acid >7.5 mg/dL m  Calcium <8 mg/dL

B Potassium >5mEq/L Phosphate > 5mg/dL

Figures 1 and 2. Frequency of laboratory abnormalities in
patients with LTLS and CTLS (from day -3 to resolution of TLS).

normal value (ULN) (range, 0.1-50x), respectively. The
median baseline WBC count was 11x10°/L (range,
0.5-385.0x10°/L). The patients’ baseline characteristics are
listed in Table 2.

Incidence and timing of TLS

TLS was observed in 130 patients (17%), of whom 38
(5%) had CTLS and 92 (12%) had LTLS. The median day
of onset of TLS was day +2 after the start of chemothera-
py (range, -3 to +7). TLS was present before the initiation
of chemotherapy in 32 patients (25%) (eight with CTLS
and 24 with LTLS), and was induced by chemotherapy in
the remaining 98 (75%).

Characteristics of CTLS and LTLS

The most frequent laboratory abnormality was hyper-
phosphatemia, which was observed in 61% of cases of
TLS (71% and 56% of patients with CTLS and LTLS,
respectively). Hyperuricemia was observed in 45% of



No TLS(n=642) LTLS(n=92) CTLS(n=38)

Creatinine >1.4 mg/dL m Oliguria (<800 mL/day)
W Anuria (<200 mL/day)

W Dialysis

= Creatinine >2.5 mg/dL

Figure 3. Frequency of clinical renal complications and serum cre-
atinine abnormalities during induction chemotherapy in patients
with newly diagnosed AML (oliguria, anuria and dialysis were not
due to TLS in all patients with LTLS).

cases of TLS (in 57 % and 40% of patients with CTLS and
LTLS, respectively). The frequencies of calcium, phos-
phate, uric acid and potassium abnormalities defining
LTLS and CTLS are shown in Figures 1 and 2. Renal fail-
ure, defined as creatinine serum levels above 1.4 mg/dL,
occurred in 69% of the patients with TLS (in-98%, and
59% of the patients with CTLS and LTLS, respectively).
The incidence of renal failure during induetion therapy
was significantly lower in patients without TLS than in
patients with LTLS or CTLS (17%(vsy, 59% vs. 98%,
»<0.001). The incidence of clinical, renal complications
not attributable to TLS was similar in both patients with
and without LTLS (Figure8).

Oliguria was the main. clinical complication defining

TLS in patients with AML

5 2

W Hemorrhage
W Hemorrhage + renal failure (TLS)
# Renal failure (TLS)

Coma (TLS)

Arrhythmia/sudden death (TLS)
M Infection

Figure 4. Causes, of death during induction chemotherapy in
patients with CTLS (n=30/38, 79%).

CTLS,and occurred in 33 of 38 patients (87 %); dialysis
was necessary in seven patients (18%), arrthythmia/sud-
den’death occurred in five patients (13%), seizures/con-
vulsions in four patients (11%) and electrocardiographic
signs of hyperkalemia in two patients (5%).

Outcome of CTLS and LTLS

The development of LTLS had no impact on induction
death rate (24% vs. 22%, p=0.72), but CTLS was associ-
ated with a higher induction death rate (79% vs. 23%,
»<0.001). The main causes of death in patients with CTLS
were hemorrhage and renal failure (Figure 4). CTLS was
considered a major cause of death in 19 of the 772
patients (2%).

Table 4. Prognostic factors for CTLS and LTLS in the total series. Multivariate analysis.

Covariate Unfavorable CTLS p value LTLS p value
categories
0dds ratio (95% Cl) 0dds ratio (95% Cl)
WBC <25x10°/L 1 <0.001 1 <0.001
25-75x10°/L 2.4 (1.5-3.8) 3.1(2.1-4.2)
>75x10°/L 5.8 (2.2-14.4) 9.6 (4.4-17.6)
Uric acid <7.5 mg/dL 1 <0.001 1 <0.001
>7.5 mg/dL 35(1.5-82) 5.7 (2.6-12.7)
LDH <IxUIN 1 0.003 1 0.001
1-4x ULN 25 (1.3-4.8) 2.3(1.4-39)
>4x ULN 6.2 (1.7-23.1) 5.3(1.9-15.2)
Creatinine <1.4 mg/dL 1 0.019 1 <0.001
>1.4 mg/dL 29 (1.6-6.8) 10.7 (4.5-25.1)

LTLS: laboratory tumor lysis syndrome, CTLS: clinical tumor lysis syndrome.
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Prognostic factors for CTLS and LTLS in the whole series

Univariate analysis showed that CTLS was significantly
associated with old age, with 60 years being the most sig-
nificant cut-off point, M4-M5 FAB subtypes,
hepatosplenomegaly, GOT >50 UI/L, creatinine >1.4
mg/dL, uric acid >7.5 mg/dL, WBC count >75 vs. 25-75 vs
<25x10°/L and LDH levels >4 vs. 1-4 vs. <IXULN (Table 3).

LTLS was significantly associated with old age, with 60
years as the most significant cut-off point, M4-M5 FAB
subtypes, hepatosplenomegaly, creatinine >1.4 mg/dL, uric
acid >7.5 mg/dL, WBC >75 vs. 25-75 vs. <25x10°/L and
LDH levels >4 vs. 1-4 vs. <IXULN (Table 3).

Multivariate analysis showed that pretreatment WBC
count and creatinine, uric acid and LDH levels had inde-
pendent prognostic value for CTLS and LTLS (Table 4).

Development of the scoring system for CTLS in the
training sample

In the training sample, multivariate analysis showed
that pretreatment WBC counts, uric acid and LDH serum
levels had independent prognostic values for CTLS
(Table 5). The AUC of the logistic regression model was
0.91 (95% bias corrected confidence interval (CI), 0.88 to
0.93).

Based on the regression coefficients of the multivariate
analysis for each prognostic co-variate, a CTLS scoring
system was established. Final risk variables and correspon-
ding scores are listed in Table 5. The predicted probabili-
ties for CTLS according to the sum scores were 0.2%
0.9%. 2.7%, 7.9%, 20.5%, 43.6% and 69.9% in patients
with 0, 1, 2, 3, 4, 5 and 6 points, respectively (Table’6).

The discrimination on the basis of the score was as
good as the discrimination of the logistic’ tegression
model (AUC 0.90, 95% bias-corrected CI,0.87 to 0.94).
Using cut-off levels of 2, 3, 4 and 5 points,the sensitivity
of the model was 95%, 89%, 68%-and 42%, respective-
ly. Using cut-off levels of 2, 3] 4 and’5 points, the speci-
ficity of the model was~67%, 80%, 92% and 98%,

respectively.

Table 5. Prognostic factors for CTLS in the training sample.
Multivariate analysis and risk scores.

Co-variate  Unfavorable ~ Regression CTLS p value  Score
categories  coefficient
0dds ratio (95% Cl)
WBC <25x10°/L 1.1 1 <0.001 0
25-75x10°/L 2.7 (1.4-5.4) 1
>75x10°/L 7.3(2.0-29.1) 2
Uric acid <7.5 mg/dL 22 1 <0.001 0
>7.5 mg/dL 9.1 (3.3-26.6) 1
LDH <IXULN 1.2 1 0.005 0
1-4xULN 3.9 (1.5-10.8) 1
>4xULN 15.2 (2.2-96.8) 2

LTLS: laboratory tumor lysis syndrome; CTLS: clinical tumor lysis syndrome.

Validation of the scoring systemi“for CTLS in the test
sample

In the test sample, the,AUC for the scoring model was
0.81 (95% bias-corrected CI, 0.77 to 0.84). The Hosmer-
Lemeshow statistic 'was not significant (x’=7.6; p=0.18; 5
df), which indicates little departure from a perfect fit. The
observed probabilities for CTLS according to the scoring
systemuin'the test sample are shown in Table 6.

Application of the scoring system in the whole series

The AUC of the scoring model was 0.87 (95% bias-cor-
rected CI, 0.85 to 0.89), which indicates an excellent model
discrimination. The observed probabilities for CTLS and
the distribution of patients according to the scoring cate-
gories in the whole series are shown in Table 6.

The CTLS scoring system was also able to correctly pre-
dict the occurrence of LTLS. The LTLS discrimination on
the basis of the sum score was as good as the discrimina-
tion for CTLS (the AUC were 0.84, 0.89 and 0.87 in the
training sample, the test sample and the total series, respec-
tively).

Table 6. Predicted probabilities for CTLS according to the sum scores in the training set, and observed probabilities in the test set and

the whole series.

Training Set® Test Set® Whole Series®
(n=344) (n=323) (n=667)
Score Predicted Observed Observed Total number
(points sum) probability probability probability of patients
of CTLS (%) of CTLS (%) of CTLS (%)
N (%)
0 0.2 0 0 192 (29)
1 0.9 1.8 14 223(33)
2 2.7 5.4 4.1 98 (15)
3 7.9 14.2 115 78 (12)
4 20.5 15.0 178 45 (7)
5 43.6 11.2 36.8 19 (3)
6 69.9 42.6 4.7 12 (2)

“Only patients with a complete data set were included in the analysis of the accuracy of the scoring system. CTLS: clinical tumor lysis syndrome.
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Discussion

This study shows that TLS is a relatively common com-
plication in patients with AML treated with intensive
chemotherapy and receiving standard prophylactic meas-
ures such as hyperhydration and allopurinol. We divided
TLS into CTLS and LTLS and found that only the develop-
ment of CTLS implies higher induction mortality. The sep-
arate analysis of risk factors for CTLS and LTLS shows that
impaired renal function, high WBC count and high serum
levels of uric acid and LDH at presentation are the main
risk factors for both forms of TLS. A simple scoring system
was developed and validated for clinical use, with an excel-
lent discrimination for both CTLS and LTLS.

There have been some attempts to establish a uniform
definition and classification of TLS. In 1993, Hande and
Garrow” divided TLS into LTLS and CTLS. However, this
definition did not take into account those patients who
already had abnormal laboratory values. To address this
issue, Cairo and Bishop® modified this definition of LTLS to
include those changes in serum levels above normal values,
as well as >25% changes from baseline values occurring
within 3 days before and 7 days after the start of
chemotherapy. In the present study, we adapted the latter
definition taking into consideration that: (i) creatinine serum
levels should be a diagnostic criterion for LTLS, rather than
CTLS; and (ii) the definition of CTLS should be based only
on clinical criteria, including oliguria. For this reasony we
considered oliguria and dialysis, as well as cardiacvarrhyth-
mia/sudden death and seizures, as criteria for CTLS.

As far as we know, this single center study:is the largest
series analyzing the incidence and risk factors for TLS in
patients with AML. The incidence of CTLS*was 5%, sim-
ilar to that previously reported in.patients with AML.”?°
The incidence of CTLS in AML patients seems to be lower
than that reported in patients/with acute lymphoid
leukemia (ALL) or high-grade non-Hodgkin’s lymphoma
(NHL),”** in whom it ranges from 11% to 25%.

Few studies have analyzed the incidence of LTLS in
patients with AML. Razis et al* reported that the inci-
dence of LTLS was 57% among 41 patients with hyper-
leukocytic acute leukemia (WBC >100x10°/L), which was
comparable to the 45% found in our study (data not shown).
In the study by Annemans et al.,” the incidence of hyper-
uricemia in 204 patients with AML was 14%, but the inci-
dence of LTLS was not reported. In a recently published
series of 194 patients with AML or advanced myelodys-
plastic syndrome,® the incidence of LTLS was 10%, lower
than the 17% found in the present study. In any case, the
global incidence of LTLS in AML seems to be far lower
than the 42-66% reported in ALL and high-grade NHL.*°

While spontaneous TLS is well described in patients
with Burkitt’s lymphoma,” it is thought to occur less com-
monly in AML. Most previous studies of AML considered
TLS only after the start of chemotherapy, and none of
them analyzed the incidence of spontaneous TLS. As a

TLS in patients with AML

result, only a small number of cases of spontaneous TLS
have been described in AML.*? Interestingly, in our study
cohort, 25% of the cases of TLS (eight cases with CTLS
and 24 cases with LTLS) occurred before the initiation of
chemotherapy.

The most common laboratory features of TLS were
increased serum creatinine levels and hyperphosphatemia.
Hyperuricemia was less common, occurring in 45% of the
cases of TLS, probably because all patients received pro-
phylaxis with allopurinol and this management was effec-
tive in some of them. It could be argued that at least some
of the cases of renal failure in patients with TLS and nor-
mal serum levels of uric acid were due to the precipitation
of calcium phosphate in renal tubules.*

We observed that the TLS-related morbidity and mortal-
ity in AML was tangible (5% and 2%, respectively).
Moreover, the development™of CTLS was significantly
associated with a higher death rate during induction ther-
apy, mostly due to hemorrhage, TLS or both. Conversely,
the development ofisolated LTLS was not associated with
a higher mortality during induction. Furthermore, when
compared with ‘patients without TLS, those with isolated
LTLS did not show a higher renal morbidity during the
hospitalization for induction therapy. Therefore, it seems
reasonable to implement prophylaxis for TLS using more
effective drugs, such as rasburicase,” in patients at high
risk of developing CTLS rather than LTLS.

This study shows that high pretreatment LDH and crea-
tinine levels are associated with a high risk of CTLS and
LTLS in patients with AML. This association between both
parameters and the development of TLS has already been
described in patients with AML* as well as in patients
with lymphoid malignancies.*"""> We also found that WBC
count and serum uric acid levels at presentation were sig-
nificant independent predictors for CTLS and LTLS.

Remarkably, the independent risk factors for CTLS and
LTLS were the same, but multivariate analysis showed a
higher relative risk of LTLS for baseline serum uric acid
>7.5 mg/dL and creatinine >1.4 mg/dL when compared
with CTLS. This is logical because both risk factors are also
laboratory criteria defining LTLS.

Univariate analysis showed that patients with
hepatosplenomegaly or M4-M5 FAB subtypes had an
increased risk of CTLS and LTLS. These associations were
previously described in the study by Seftel et al” Although
male gender has been reported to be an independent risk
factor for LTLS,® we did not find an association between
this variable and the development of LTLS. On the other
hand, univariate analysis showed that age >60 years was
associated with a higher risk of CTLS and LTLS, but it was
not an independent prognostic factor.

To our knowledge, only one scoring system for the
prediction of TLS in patients with AML has been report-
ed so far.® However, this model, based on pretreatment
uric acid and serum LDH levels, was designed to predict
only LTLS. The scoring system developed in the present
study showed an excellent discrimination for CTLS, and
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also for LTLS. Using cut-offs levels of 2 and 3 points, the
model shows a high sensitivity (95% and 89%, respec-
tively) and specificity (67% and 80%, respectively) for
predicting CTLS.

The implication of such a discriminative capability of
the model is that risk-adapted management of TLS
would be possible in AML. This model could be useful
for selecting high-risk patients for alternative prophylax-
is, for instance with rasburicase. In fact, the guidelines on
the management of AML from the British Committee for
Standards in Haematology make an imprecise recom-
mendation for the use of rasburicase with chemotherapy
in patients with hyperleukocytosis at risk of TLS.*® The
proposed scoring system would allow a more precise and
accurate selection of high-risk patients who should
receive rasburicase.

In conclusion, TLS is a relatively common complica-
tion during induction therapy in patients with AML.
Only one-third of patients with LTLS criteria finally

developed CTLS, that is, the form of TLS in which a
higher induction mortality rate is observed. Increased
pretreatment WBC counts, serum creatinine, uric acid
and LDH levels are the main risk factors for the develop-
ment of CTLS and LTLS in patients with AML. We have
developed and validated a simple, predictive scoring sys-
tem for CTLS. This could be a useful tool for selecting
high-risk patients who should receive alternative pro-

phylaxis.
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